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Fregraii eudoyadi laluldlunsidend
ALAS N (strain) o eldluntsmadeudu
golu
® Frequency sweep: Lﬂuﬂﬁmﬁmqﬁmimﬁ
Fufurariliiuseg1s (time-dependent
behavior) ngldadilaainnismeialadana
ATLEUT9AY
® Temperature sweep: tiun1smAmgAngsy
AT ufuafildfuiaeg s (temperature-

dependent behavior) Lag@1NITOUIAN

ado

gamaiififanuasuaniuzainvesudandie
wAndudany uad o719 (glass transition
temperature, T, # 59 Ta) U5 ® sub-T,
transition temperature (Tg wazTy) ¢
nansitasziiaogsluiuney temperature
sweep wansluguil 1 Fadunisiinsgiildunn
Agqalunisnaaeusieds DMTA Tasdealdlunis
oS vednwariiduiunaUasunlasgangives
Tanadugu mﬂgmﬁ'aqqumﬁ'mfu storage

modulus (F) 92ana39819%19 LaAII16298 198
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3UN 1 wan153As1eviluduneu temperature-
sweep U036 198 197 & U hypromellose 2910

(Methocel E50) (FawUasnnenansensdananeay 9)

2. msl¥mdudssninudge (ultrasonic)
YUINYBIFNTU

nsldrdudsannuiged udurdudenad
ANANINNTT 20 kHz vHlWTinIsunIsvesiInand
farwdangu arudlunisundvesndud ey
autRnnudang ulaganumuiniuesiinaei
AAuAUNIEIY 35 ultrasonic frequency-domain
reflectometry (UFDR) @1a1saldiduisnaaou
Tuundnvazmuusulaglidesiaesiegld 4
1511 UFDR Tldlun1smiauinvesgnsuveaiuy
wilaeldindudanats wnudaszuun1ssiuun

<) g

anvazmusulaglfunludinasuanddugui 2
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LUULUTU

AIUNAY (reflection B) voaiuslusy lagAMga
AAuABesd aAzTouNR UM a1ansa
177?51LLuﬂé’ﬂwmwwﬁuaaimﬁaﬁummﬁuaagmuuaz
ANNVFVIEVOLULLUTUL daudyaaasiauain
A undsd snd wAuniarududavinsvo s
Wiy @mnsatisuansdlassasisaelu laua
VUAFNTY mmlﬂugwquﬁy’wm FAIANNVFUTY
yosuidund e siniusule?
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ﬂﬁutﬁmmmﬁquﬁﬁ?u INNTNAABUNNEAD A
WU111135 UFDR anwnsathluldlunismeaiauin
wazaudugnguveduniusuegaliuszdniam

WioldanudAdmnziangas

n3ossuduanuniu

seauiienin

A o
AAULFEN

Qi

SUN 2 URUASIZUUNTIUUNS N WS LINLUTULAY

3
pdudssnud gauarldduduganang Fusen
LONEN381BMINELEY 12)
3. NMSAATIRAN BN T UFINING VY
3 fifl daendesganssmididnasaukuudasinu
Wazd09nsIA (scanning transmission electron
microscopy, STEM) 1
WRALANTIATE RN YN T g IUING 1701
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i%iﬂ’j’}ﬁsﬁug‘ULNNLUiu Fetunsinsgvidoga
wsuliidugduuy 3 48 azaunsalidayania
Fuginendsinasluduressmusuld nsld
ndnsganssAudidnaseuluudesiiuLardensin
sgannsalnianiufeg sl aumuuas iy
i lule Tagazuansnimuuuind sulng 3
ausnesuiganuiunlsneludieg1alad uas
minldsmiuiansataiuiiaaaumiugugs (high-
angle annular dark-field, HAADF) ATND 18YD
HAADF-STEM 92 01A8AMUKANA19UBINIE AL
v viielaveznon Faagvilildnmitasaniueny
\Hua3 Faifu HAADF-STEM Faimunzegnadsly
nsuidymamenedilddaay annishdundey

Tiiduagainia n1siadeunesvudieys uag

o

U ] aa s < s
MDY NNUAITUB U UDIAUTENDU

JUN 3 nneng HAADF-STEM vasildumediolud a)
wHUQIAN 2 15 NlAaNYANINAIERBEY +65°

wag b) wuudiaesnwdsUsuInsULuUaINaR

(Fauwdasanienansensdauneiay 15)
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#9819 manY HAADF-STEM uanslugudl 3

a av v

Inagy 3a Wudnuazunugdnm 2 37 Aldainyn

7
o

MY £65° vaalaunediolud 310t
Anaeyude 9 ldnsesudlagly 3D software
aglouuudnaesnngaUsunsvesilaunedieludly

JUWUUEUER (FUN 3b)*°

4. MslEISTamaITauuUNadIR (dynamic
hysteresis) Suundneameituia 171
SawesTaunuunath Aorusneseninausd
THdflonadiogrsadlusinans (advancing) wasusadi
1ilednetetuaindinans (receding) vasituin

vosududloagluasazarend visldndunisiagld

P
=1

WugIUIB Wilhelmy plate (gﬂ'ﬁ 4a) MIMATEALND
FFauvunaiAuandusui ab Tnsuanswaiduainu
nfslunudsssnitndugauuresusdldidiena
fegaslusnasuazussiliidefshogituan

FInane Aeszusneniinseaauniy

e
=]

(b)

L 801 Receding
g 50 1
CE AF/L
E 30 4

20 - Advancing

10

2 4 6 8 10 12
Depth (mm)

EU‘VTI 4a)75 Wilhelmy plate 1ne F, Ao 134
advancing wag F, ABWss receding b) s dd

LW@%‘%ﬁLLUUWﬁ}J’a (AF/L) (FawUasanienansensdanuneiay 17)
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5. asiayuduiauuuiadoudl (dynamic
contact angle) WiaAn¥nsaaneiadaein’®
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1]
a

JUN 7 wansiayududanuuinfeunvesurluvne
nAfI881983luAINA1e (9NANTIY) kazyuUe I
luvnuefainagaduaindinats (enaulyse) vaei

UULLNUWﬁ‘NWBa LAAFRALLDTA (FawUasnenaIsonsdaangLay

19)

6. n1snagauAl8Ad uInylaglivinaie
#1298 19 (microwave nondestructive testing,
MNDT) L 83tas1ziAuLANA190sUs U2

°

g1eAsy 2

a <) o

ﬂﬁqu (microwave) Wudgygunseuaadu
Wi ond uud w9 daud senine 300 MHz
wag 300 GHz n1snaaeuianflond uinglaglal
viaesegne uisuanilidmiutanililelans
\eanndnisiuvesnduingludaniinlwinly
Usunafesunn Tnefouaiudlugae 3-100 GHz
fofivesisiiae Mfuyus aunsorwildflutani
luldlane wazdauazidualunisnsiadn 15
MNDT a@u1saldd1usunsiadnaud sesunn
do9919 mnliduiedontu wasUSinummnudy
voedanle wisdinedfildlunisnsiatalaun
FuUseans n1sazviou (reflection coefficients)

duUsz@nsnivdannu (transmission coefficients)

8 TIPA Journal Vol. 9 No. 2 (2021)

AAeflasLENN3 A (dielectric constant, €) a3
n13gayide (loss factor) N1sUWIHIURE19dUTOY
(complex permeability) Ims*ﬁuﬁummﬁmmﬂﬁ'u
meldnsdsuniasgungil 2

MR ianwusanne35 MNDT Tdviein
aa U UNTY & \d vy (rectangular dielectric
waveguide, ROWG) (3Ufi 8) Tndenduaiuiing
10 GHz ﬁ’aaa’wﬂa‘mzé’uﬁﬁimamaﬁ’u RDWG 2
szuu Tagamsdwesiifaldde duuszdninng
#@90IUAIUT DU (transmission coefficient) (S,,)
warduUszdns n1sazioundy (reflection
coefficient) (S,,) \ioldamisfiesudnimils
Tuunualuannis duUszdns ndsanunisgadu

(power absorption coefficient, PAC) fsil 21

PAC (% 1|Sll| linear” |521| mear x 100
e [S11] tnear = 10 lSn'dB/ZO HaY

|521| linear = 10 ‘S /20

wan1svaaeanuinIgld3s MNDT Aldaanud
10 GHz @N150LENANLUANFN B STEN HPMC 71
U539 loratadine TuuSunas 57.3% fuflduaiuau
Alaifinsussgeldnamnuuansnaes %PAC fild

INANTAUIE 2!

RDWG ‘Waveguide horn ]

Sample

35U 8 52UUNITIVIALUY rectangular dielectric

Waveguide (RDWG) (AALUAINLBNEANTD9BMINELEY 21)
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A1N1Tavaie (solubility) n1g
avane (dissolution) wazAINAINITALY
ATTUHIUVD I TUTTUUN LA UD NS
(gastrointestinal permeability) 19 u a1
wsfimedfiugiuiidinarenisgady
(absorption) LazA1TIUTEENTHATD I8
(bioavailability) lii19gusniselaenis
Suusgmuegunuue e ualya e
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® NGy 3: AINITALANYFIUAYNITTY
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- low permeability)
® ngu 4: AN1saraleAILaNITTY
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low permeability)
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1 =

nifedipine’®” d@ug19aglu BCS nqu 3
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'
[

NuaNldL N aiuANTIUSEANS AR T

2

1 IS
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e
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Tun15TUE1Y A198199U hydrochloro-
thiazide'!? paclitaxel'*? furosemide!*?
FeolunguilagfoaimuiansiiuaINg
AzaIuLAZAILAINITOIUNITTUNIULND
a I a a a a

WuA1T1UT2aNSnaues uianIs

USudgugnslasaasnevessdie

Aansaumalulagaynia
finsiumalulageunialulely
VRNHRAAIMNTTN LU ORAIMNTINDINIT
RAEIMNIINAITIAL ARaMNTINET LAY
nsUszandldlugnamnssuendunisly

' Y o
GUEIZNN FLUEULLUUNQLL%QLUM’%’WU’JUN’m

14 TIPA Journal Vol. 9 No. 2 (2021)

WU NM3LIEN15UA (grinding) waznIsHaY
(mixing) A d1AYLaza1Tu8619 9 Tu
f5u Tunszuiuniuanen walulagnis
nAnendnsiauandRve e iield
lunsimurdisuenguuuulng q lagss
18 fy S oanstied dandRvianetuste
5U314 (shape) Yu1a (size) AINUVIUTE
(roughness) AI1UNUILUU (density)
Auausalunisidentn (wettability)
A1 W39 (hardness) mi@mmmsﬁu
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Pharmaceutical water storage &

distribution systems - Microbial control
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Water is the most common and parameters, Conductivity, TOC, Microbial,
important of all pharmaceutical utilities. It is and Endotoxin are shown in figure.1.
used as a substance, raw material, starting
material or cleaning agent in the production,
processing, and formulation of most
pharmaceutical products. Pharmaceutical
water is  well specified in many

pharmacopeias and pharmaceutical water
Eigure 1. Water specification

systems are well described in  many

guidance’s and other literatures. However, o ) )
) ) ' Conductivity and TOC specifications
there are still many challenges in the design _ .
_ ] tells that pharmaceutical grade water is very
and operation of a safe and cost-efficient .
] . . pure and free from salts, minerals, and
water system. This article will look at ) )
) ] ) organic carbon. Low levels of minerals and
challenges regarding microbial control and )
organic carbon also means low levels of
explain how these can be coped with in a B )
. energy and nutrition for bacteria to grow.
safe and cost-efficient way. ) R
Typical TOC level in drinking water may range

up to 25 ppmi.e,, 25 000 ppb. We can also
Pharmaceutical grade water ) ) . .
see a big difference between microbial
content between WFI and PW. In the
pharmacopeia ~ monographs,  microbial

content for PW is specified as 100 CFU/mL.

Water specifications for WFI (Water For
Injection) and PW (Purified Water) can be

found in different pharmacopeias. The key
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This is the same as the recommendation for
potable or drinking water in most countries.
However, WFI have a specification of 10
CFU/1 0 0 ml which is 1000 times less
compared to PW or drinking water. For WFI
there is also a specification for endotoxin.
Endotoxin, sometimes also called LPS
(Lipopolysaccharides), is a toxin and can lead
to lethal septic shock if injected to the blood
system. PW water have no specification on
endotoxin since PW water is used for non-
injectables and should not come in contact

with the blood system.

Microbial control

Due to the low level of energy and
nutrition (salts, minerals, and organic carbon),
thermophilic and hyperthermophilic
microorganisms have limited possibilities to
survive and grow in pharmaceutical grade
water, (ref. 1). Psychrophilic microorganisms
live in temperatures ranging from -20°C to +
10°C. In a pharmaceutical water system, we
therefore only found the mesophilic

microorganism, see figure.2,

Fisure 2. Microbial  classification by

temperature

Typical mesophile bacteria, common in
water system can be seen in figure 3. Most of

these has an optimum temperature at

28 TIPA Journal Vol. 9 No. 2 (2021)

around 37°C and an upper limit between 45°C
to 50°C, meaning these bacteria can’t survive
temperatures above 50°C. Some of these
bacteria are gram-negative bacteria. The
gram-negative bacteria have an outer
membrane containing LPS. When these
gram-negative bacteria die, this LPS (or

endotoxin) is released into the water.

As WFI has a limit for endotoxin it is
important to secure that the microbial count
don’t increase in a WFI system so that these
gram-negative bacteria have to be killed and
thereby release endotoxin into the water.
Therefore, WFI systems are normally
operated at a temperature that does not
favor microbial g¢rowth ie., temperature
above the upper limit for the bacteria

present in the system.

PW are not used for injectable
medicines and has therefore no limit for
endotoxin. Thus, PW can be operated at
temperatures where bacteria can multiply as
long as the system is sanitized before the
microbial count exceeds the specified limit.

For these reasons, PW storage and
distribution systems are typically operated at
room temperatures and WFlI at hot

temperatures.

Bacterium Optimum (*C)¥Upper (°C})

Escherichia coli 37/45 Gram-negative
Staphylococcus aureus 30-37/45 Gram-positive
Pseudomonas maltophilia 35/41 Gram-negalive
Pseudomonas aeruginosa 37142 Gram-negative
Pseudomonas fluorescens 25-30/39 Gram-negative
Listeria monocytogenes 30-37/45 Gram-positive
Campylobacter jejuni 37-42/45 Gram-negalive
Clostridium perfringens 3750 Gram-positive
Shigella spp. 35-37/47 Gram-negalive

Figure 3. Typical bacteria in pharmaceutical

grade water systems




Common practice in the
pharmaceutical industry has been to operate
hot water storage and distribution loops at
temperature between 70°C and as high as
95°C.

The US FDA write in their guide to
inspection of high purity water systems (ref.
2) “It is recognized that hot (65 to 80°C)
systems are self-sanitizing”. ISPE
(International Society for Pharmaceutical
Engineering) write in their guideline (ref. 3)
“Water distribution systems operating > 65°C
(149°F) generally are considered to be self-
sanitizing; 80°C (176°F) is an often-used target

temperature”.

Above guidance’s say that temperatures
above 65°C are self-sanitizing while studies
shows that the upper limit for bacteria,
present in water systems, are 45°C or in worst
case 50°C, this seems to be a rather high
safety margin. If we could secure that the
temperature is above 50°C everywhere in the
system, we would be safe. However, if there
are areas with poor circulation or stagnant
areas, the temperature will be lower than in
the rest of the system. A stainless-steel
system has a good thermal conductivity and
can transfer the heat to these stagnant areas
if they are not too large. Cautiousness should
be taken for plastic systems which does not
have the same good thermal conductivity as

stainless-steel.

Biofilm and biofilm control
Another risk-factor is biofilm. Biofilm is a
matrix of microorganism (dead and alive)

which after some time forms a slimy

extracellular polymeric substance (EPS), see
ficure 4 (ref. 4 & 5). This biofilm act as a filter
and collect other bacteria and particles
(nutrition, salts, and minerals) from the water
making the biofilm thicker and stronger over
time. Even though pharmaceutical grade
water has very low level of nutrition for
bacterial growth, the

concentration in the biofilm can be rather

nutritional

high and thus a good growing ground for
bacteria. The thicker and stronger the biofilm
gets the more it protects and insulate the
bacteria and makes it difficult to kill them
with heat or sanitizing agents. Studies has
also shown that more than 99% of all
microbial activity occurs in the biofilm,
meaning that microbial samples from free-
flowing water in the system will not tell how
much problem there are with bacterial

contamination of the water.

Eigure 4. Biofilm development in water

systems

The more biofilm there is in the system
the higher temperature is needed to secure
that microbial growth will not occur. If we
can minimize the biofilm in the system we
will  make it possible to lower the
temperature, both in hot WFI systems and

during sanitization of room temperature PW

smsadvnsenamnIg U7 9 AU 2 (2564) 29



systems. This is a good way to save energy
cost, and CO2 emission and at the same time
secure high quality water and longer lifetime

of system components.

Biofilm attach more easily to rough
surfaces that has an Ra value of more than
0.8 Mm (30 Min.). That fits well with the
typical surfaces in a pharmaceutical water
system which use to be between 0.4-0.8 km
(15-30 Min.). Most microorganism are rather
large, for ex. E. Coli bacteria has a size of 1.1-
1.5 Mm, therefore these microorganisms
need quite a large scratch or imperfection on
the surface to be able to squeeze
themselves into the scratch. In a test done
by L.R. Hilbert et. al. (ref. 6) they spiked
different surfaces with Pseudomonas sp.
(ranging from 0.5 to 1.0 km in diameter and
1.5 to 50 Mm in length) and Listeria
monocytogenes (ranging from 0.5 Hm in
diameter and 0.5 to 2.0 km in length) with
the same amount of bacteria per surface and
then cleaned the surfaces with the same

cleaning method. The result showed no

difference in amount of bacteria that had
adhered to the surface before cleaning and
in the amount of bacteria that remain on the

surface after cleaning, see figure 5.

If the surface finish, commonly used in
pharmaceutical water systems, has no effect
on bacteria adhesion the material of the
surface has a larger effect. Bacteria has a
tendance to attach more easily to
hydrophobic, nonpolar surfaces, such as
PTFE and other plastics than to hydrophilic

materials such as glass or metals (ref. 5).

It is also known that high shear forces
will minimize the risk of bacteria to adhere to
surfaces. In pharmaceutical water systems it
is common practice to target a velocity of 1.0
to 1.5 m/s in the return piping to the storage
tank. This velocity will generate a very high
turbulent flow, with a velocity of 1.0 m/s in
a pipe with a diameter of 50 mm and a water
temperature of 50°C the Reynolds number is
90 000.

Figure 5. Bacteria adhesion on different surfaces
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Figure 6. Boundary layer at turbulent flow.

However, even at high turbulent flows
there is a boundary layer with a thickness of
more than 10 Mm, see figure 6. High
velocities and Reynolds number will though
minimize the biofilm thickness and is
beneficial for minimizing the microbial

growth in the water system.

What is probably of more importance is
to avoid dead legs, pockets, and crevices.
The reason for avoiding these is that soil and
contaminants, such as bacteria and nutrition,
will be trapped in this low flow areas. It is
common practice to minimize dead leg in all
pharmaceutical systems to L/D<2. A crevice
will have a much larger L/D measurement
than 2. Taking a centrifugal pump as an
example, see fig 7, we can see that the pump
to the right has a rather large crevice. In these
crevices bacteria and nutrient will be
collected and microbial growth will start. This
growth will take the form of biofilm and grow
out to the rest of the system. If we take
notice of the challenges described above, we
will get good control of microbial growth in
our water systems, and at the same time

reduce energy cost and CO2 emissions.

Figure 7. Different pump designs

Actions to minimize microbial growth
and save energy by lowering the

temperature.

® Ra<0,8 km is good enough for bacteria

adhesion and removal

®  Stainless-steel  piping  has  lower
adhesion of bacteria than plastic piping

® \Velocity of 1 m/s is good enough, but
secure there are no areas with low or
stagnant flow

®  (revice free design is probably the most
important to minimize microbial growth,
this can also allow you to minimize the

biofilm at lower temperatures

Biofilm removal
It is very difficult to exclude biofilm

completely in a water system, even a well-
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designed and operated system can have a
small, thin, and controlled biofilm. It is
advised to remove also the thin and
controlled biofilm from the system at certain
intervals, preferably without disturbing the
closed water loop. This is preferably done
during scheduled maintenance of the
system, where the loop is opened up to the
environment anyhow and sanitization and
rinsing of the loop will be done after the
maintenance. There are a couple of methods
to remove the biofilm, for ex. with excessive
heat, UV-light, chemical disinfection, or to dry
out the biofilm.

Excessive heat, close to below the
boiling point, can be done without opening
up the system. However, this will put an
extra load on the components in the system,
like pump shaft seals, gaskets, and other
elastomers, and reduce the lifetime of these.
Depending on the thickness of the biofilm it
might even be necessary to use steam.
Steaming of water system will though put
even more stress on the system components
and requires to open-up the loop to drain
out the condensate and remove bacteria

that has entered the drainage port.

UV-light with wavelength of 254 nm
(UV-Q) is effective to kill free floating bacteria
that will be exposed to the light at a certain
duration. The effectiveness on biofilm can be
debated since these bacteria will stay on the
material surface in the biofilm and not pass
the UV-light. Even if the light hits the biofilm
the particles and EPS matrix shielding the
biofilm will block the light from reaching the

bacteria in the biofilm.

32 TIPA Journal Vol. 9 No. 2 (2021)

Chemical disinfection  with  strong
oxidizing agents like chlorine, chlorine
dioxide, hydrogen peroxide, peracetic acid,
sodium hydroxide, etc or a ready-to-use
biocide formulation has shown to weaken
the biofilm and at high concentration also
remove this. Caution should be taken for
material compatibility of system
components, especially for elastomers which
are susceptible for strong oxidizing agents.
When chemical disinfectants are used, these
are best used during a planned maintenance
and should be performed before
replacement of the elastomers, such as
diaphragms and gaskets. It is also important
to flush the system thoroughly to secure that

there are no chemicals left in the system.

An alternative method is to dry out the
system completely with hot air. This will
break up the EPS matrix of the biofilm and
expose the living bacteria both to hot
temperature and dry air (bacteria cannot
survive without access to water). After the
biofilm has been broken up and bacteria has
been killed the system needs to be flushed
with high velocity water to remove the debris
after the biofilm and its bacteria. The
drawback of this technique is that it will take
longer time comparing to chemical
disinfection but on the other hand there are
no chemicals introduced that has the risk of
contaminating the water if they are not

removed completely.

These are examples of some of the
most common techniques for biofilm

removal. To choose the best technique for a



specific system is very much dependent on
the possibilities for the different techniques

in each specific case.

Conclusion

In conclusion, bacteria are rather easy to
control as long as they are free flowing in the
water. If the bacteria can accumulate on the
surface and develop a biofilm then it
becomes more difficult to control. The best
way of avoiding biofilm development is to
control microbial growth from the beginning,
with  the right temperature, minimize
stagnant areas like crevices, dead legs and
pockets, and avoiding hydrophobic, nonpolar

surfaces like plastic material.
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Total solution to create clean room facilities system

Pharmaceutical, Cleanroom, Factory, Building,
Hotel, Hospital, Laboratories, Animal Lab,
Climate & Humidity Controls, and much more...

Clean Room Engineering Service Provider

Airplus Ap,olk/ Co.,Ltd.
42/39 Moo 5, T. Lamlukka, A. Lamlukka, Pathumthani 12150 Thailand
Tel : +662-199 2611 to 18 Fax : +662-199 2619 Email : airplus.pakasit@gmail.com
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