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iments are affected during their use by a number of different
al parameters which they are required to resist without sig-
ction in performance.

H severity of these parameters depend on the conditions of

strument (for example, in the laboratory or workshop) and on
cal location. The environmental effects on optical instrument
in the tropics and subtropics are totally different from those
they are used in the arctic regions. Individual parameters

ety of different and overlapping effects on instrument per-

turer attempts to ensure, and the user naturally expects,that
will resist the likely rigours of their environment throughout

5 expectation can be assessed by exposure of the instrument
f simulated environmental parameters under contrelled labo-

ions. The severity of these conditions is oftensincreased to
ngful results in a relatively short period of time.

llow assessment and comparison of the tesponse of optical
to appropriate environmental conditions, ISO 9022 contains
umber of laboratory tests which reliably simulate a variety of
ironments. The tests are based largely on IEC standards,
ere necessary to take into account features special to optical

noted that, as a result ‘of continuous progress in all fields,
ments are no longerlonly precision-engineered optical prod-
pending on their range of application, also contain additional
rom other fields..For this reason, the principal function of the
nust be assessed to determine which International Standard
ed for testing.If the optical function is of primary importance,
P2 is applicable, but if other functions take precedence then
hte Intérnational Standard in the field concerned should be
bs may arise where application of both ISO 9022 and other
hternational Standards will be necessary.
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Optics and optical instruments — Environmental test
methods —

Part(11:
Moul|d growth

WARNING — Although the species of fungi selected for testing do_not'normally present a haer;d
to humdns, certain people may develop allergies or other reactions..The use of experienced a
trained personnel is required to ensure the proper handling of fungi and the appropriate condyct
of the tests. It is, therefore, recommended to entrust the performance of the tests required by this
part of ISO 9022 to a microbiological laboratory, since such<laboratories have the appropriate
equipment and trained personnel.

1 Scdpe In addition, the tests are designed to assess to what

extent metabolic waste products (such gs enzymes
This parf of ISO 9022 specifies methods for. the test- or acids), excreted by fungi, cause etching, corrosion,
ing of ogtical systems, instruments containing optical or short-circuits on, for instance, printed circuit
compongnts, and materials for optical -instruments, boards.

under equivalent conditions, for their.ability to resist

mould gfowth. 2 Normative reference

Howevef, complete instruments” or assemblies are
only tested as specified in\this part of I1ISO 9022 in
exceptiopal cases. Normally, representative speci-
mens sdch as mounted“optics, material samples, or
surface ¢oatings on\representative samples are used
for testing.

The following standard contains provisjons which,
through reference in this text, constitut¢ provisions
of this part of ISO 9022. At the time of pulplication, the
edition indicated was valid. All standards|are subject
to revision, and parties to agreements b

The testp described are designed for the selection of possibility of applying the most recent edition of the

materialg C and ISO
used in an environment that is conducive to mould maintain registers of currently valid International
growth, rather than for regular production control. Standards.

The purpose of testing is to investigate to what extent ISO 9022-1:1994", Optics and optical instruments —
the optical, chemical, mechanical and electrical per- Environmental test methods — Part 1: Definitions,
formance characteristics of the specimen are affected extent of testing.

by mould growth.

1) To be published.
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3 General information and test
conditions

3.1 Test fungi

The species of fungi selected for testing (see table 1)
are frequently found on optical glass surfaces. Among
them are species of hydrophyl, mesophyl and
xerophyl fungi.

© SO

Using a sterile platinum loop, or any other suitable
means, carefully scrape the spores from the mycelial
mat. Take care to leave out clumps of agar. Pour the
spores charge into a sterile Erlenmeyer flask contain-
ing 45 ml of water. Add sterile solid glass beads and
shake vigorously to liberate the spores from the fruit-
ing body and to break the spore clumps. Filter the
dispersed fungal spore suspension through sterile
glass wool to remove mycelial fragments.

Centrifuge the filtrate and discard the supernatant lig-

Table 1 — Test fungi

Series No. Species

Aspergillus niger

Aspergillus flavus
Aspergillus versicolor
Trichoderma viride
Penicillium funiculosum
Penicillium citrinum
Paecilomyces
Chaetomium globosum

© 00 N O O &b W N =

Eurotium tonophilum

—_
o

Aspergillus penicilloiden (Vitrocolae)

Since strains|of fungi change their characteristics with
time, only fungal species are specified. The test re:
port, or relevant specification respectively, shall how-
ever specify the fungal strains used for testing.

3.2 Fungal spore suspension

3.2.1 Fungal cultures

Pure cultureq of each of the flngus species specified
in table 1 shdll be maintained.separately on an appro-
priate agar medium (e.gimialt agar).

The fungal dulturessused for the spore suspension
shall not be pldet than 14 days to 21 days and shall
not be used|more than once for preparing a mixed

uid. Resuspend the residue in 50 ml of wdter and
centrifuge. Wash the spores obtained from fach of
the fungi in this manner three times.

Dilute the final washed residue with the mineral salts
solution specified in table 2 -in| such a manmer that

each  resultant  spore Oysuspension  ¢ontains
(1 000 000 + 200 000) (spores per millilitre| meas-
ured using a suitable ¢olnting chamber.
Table~2.— Mineral salts solution
Mass
Component
g
Potassium dihydrogen orthophosphate
(KH,PO,) 0,7
Potassium monohydrogen
orthophosphate (K,HPO,) 7
Magnesium sulfate heptahydrate
(MgS0,.7H,0) 0,7
Ammonium nitrate (NH,NO,) 1.0
Sodium chloride (NaCl) 0,p05
Iron(ll) sulfate heptahydrate (FeSO,.7H,0) 0,002
Zinc sulfate heptahydrate (ZnSO,.7H,0) 0,002
Manganese(ll) sulfate monohydrate
(MnSQ,.H,0) 0,001
Distilled water (H,0) 1 Q00,0
Sterilize the mineral salts solution in an autoflave at
120 °C for 20 min. Using sodium hydroxide dolution,
¢(NaOH) = 0,01 mol/l, adjust the pH of the Folution

spore suspension.

3.2.2 Spore suspensions

For preparing the spore suspensions, and wherever
else in this subclause “water” is specified, use dis-
tilled or fully demineralized sterile water containing
0,05 % (m/m) of a non-toxic wetting agent such as
sodium dioctylsulfosuccinate or sodium laurylsulfate.

Pour 10 ml of the water into each of the fungal cul-
tures described in 3.2.1.

to 6,0 to 6,5 after sterilization. (Percentage purity of
the chemicals: atomic adsorption spectroscopy.)

Inoculate each of ten Petri dishes containing an ap-
propriate agar medium (e.g. malt agar) with spore
suspension and immediately incubate the dishes, to
check the viability of each fungus species, in the in-
cubation chamber to be used for exposing the speci-
mens. In the event that fungicide-treated specimens
are under test in the incubation chamber, expose the
Petri dishes to exactly the same climatic conditions in
a separate incubation chamber. The absence of
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growth of any of the various fungus species, at the
end of one week, will invalidate the results of all
simultaneously performed tests using these spores.
Such invalidated tests shall be repeated using freshly
prepared mixed spore suspensions from new cul-
tures.

3.2.3 Mixed spore suspension

After having taken the inoculum from the spore sus-
pensions_for the purpose described in 3.2.2, blend

ISO 9022-11:1994(E)

equal portions of the ten spore suspensions to obtain
the final|mixed spore suspension.

The spole suspensions from the individual cultures as
well as the mixed spore suspension shall be used on
the day pf their preparation. On no account shall they
be storefl for later use.

3.3 Cantrol strips

Along with the specimens place at least three control
strips in the exposure chamber in order to ensure that
optimal klimatic conditions are present in the incu-
bation or climatic chamber during exposure of the
contamimated specimens. The control strips are of no
use if t;l:e specimens have been previously treated
with fungicides: since these become active predomi-
nantly dpring the volatile phase, a fungicidal atmos-
phere would develop within the test chamber and
hamper [the fungal growth on the control strips.-In
such cases, only the separately incubated .individual
fungal cliltures may be used as control.

The confrol strips shall be of white stetilized filter pa-
per and [shall be of the same sizg as the specimen
(see 3.4]. Dip the control strips into the nutrient sol-
ution spgcified in table 3 and(hang them to dry in a
sterile afmosphere. Freshly.prepare the nutrient sol-
ution immediately befere—impregnating the control
strips. Uge the contral’stfips on the day of their prep-
aration.

Using hyydrochloric acid (HCI) or sodium hydroxide
(NaOH) soludtion, adjust the pH of the solution to 5,3.

Table 3 — Nutrient solution for soaking control
strips
Mass
Component
g
Potassium dihydrogen orthophosphate
(KH,PO,) 0.1
Ammonium nitrate (NH,NO,) 0,1
Magnesium sulfate heptahydrate
(MgS0,.7H,0) 0,025
Yeast extract 0,05
Glycerol [C3H5(OH)4] 10,0
Distilled water (H,0) 90,0
NOTE1 Sample sheets™ of 140 mmit 2 mm or
280 mm + 2 mm in length may also be indicated in the ap-
propriate specification.
The coating’under test (e.g. varnish) sh3ll be of the
same stracture as the coating intended for the in-

strument or for parts of the instrument.

Prior"to applying the coating, prepare th
thie specimen in the same manner as req
original instrument. The coating shall con
round the specimen so as to cover partic

e surface of
uired for the
npletely sur-
Llarly edges,

corners and the edges of holes. The coamng shall not

be degraded by identification marking; n
shall be punched prior to applying the coz

Sterilize specimens at a temperature o
200 °C before applying lubricants as a thin
side only.

Use glass hooks or polyamide threads for
the specimens in the exposure chamber.
3.5 Incubation cabinets and climaf

chambers

The specimens inoculated with the mixe

mbers, etc.
ting.

f 180 °C to
film on one

suspending

tic

l spore sus-

pension shall be incubated in incubation

cabinets or

3.4 Specimen

Unless the testing of complete instruments or as-
semblies is required in the relevant specification, rep-
resentative samples shall be used for testing.
Specimens of the size and dimensions show in
figure 1 and of at least 1 mm thickness should pref-
erably be used as representative samples of non-
metallic coatings or lubricants to be tested.

climatic chambers under the climatic
specified in clause 4.

conditions

The incubation cabinets or climatic chambers shall be
adjustable to 29 °C + 1 °C and the temperature may
vary in time by + 0,5 K per hour. The cabinets or
chambers shall be moisture-proof and shall be pro-
vided with a pressure-relief capillary tube or a valve in
order to prevent, during exposure, the build-up of
pressure within the test chamber.
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Dimensions in millimetres

Marking area (on the back)
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Figure 1 — Sample sheet

Normally, thIre shall be no air circulation during ex-

posure. In t
does require

e event that the relevant specification
air circulation, the air flow velocity shall

not exceed (0,5 m/s.

Use distilled

demineralized or deionized water Afor

humidificatiop. A saturated solution (with an/ample

solid phase)

of potassium sulfate (K,SO,), covering

the entire bgttom of the test chamber, may be used
to maintain the required relative humidity, which will

reach 96 % 3

Moisture shd
specimens d
mixed spore
from being
specimens

bove the solution.

Il not be allowed\to’ condense on the
uring exposure~inJorder to prevent the
suspensiondapplied to the specimens

washed off\’For the same reason, the
Shall

beprotected from condensed-

moisture drops falling from the chamber walls.

The contact 4

reas of fixtures supporting the specimen

4 ~Conditioning method 85: Mould
growth

See table 4.

Table 4 — Degrees of severity for conditjoning
method 85: Mould growth

Degree of severity 01 02
Exposure time 28 84
Temperature °C 29 +1

Relative humidity % 96 + 2

Number of spores per cm2 of

specimen surface 15000 + 3000

State of operation 1

shall be kept

to a minimum.

The size of the test chamber and the arrangement of
the specimens shall be selected so as to ensure uni-
form conditioning and aeration of all specimens.

If it is necessary continuously to record the test
chamber temperature and relative humidity during
exposure, a method shall be specified in the relevant

specification.

5 Procedure

5.1 General

The test shall be conducted in accordance with the
requirements of the relevant specification and
ISO 9022-1.
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5.2 Preconditioning

Unless otherwise specified in the relevant specifi-
cation, use water containing a wetting agent (in ac-
cordance with 3.2.2) to clean the specimens, then
hang them to dry. Care shall be taken during cleaning
not to leave any fragments of the cleaning material
(such as cloth or cottonwool) on the specimen. Prior
to and during testing, handle the specimens so as not
to contaminate them by fingerprints or in any other

way. Apply lubricants to the specimens (see 3 4) im-

ISO 9022-11:1994(E)

5.4 Recovery

Unless otherwise specified in the relevant specifi-
cation, evaluate the specimens at the end of the
conditioning period without leaving them to dry first.
On no account shall specimens be cleaned prior to
evaluating the mould growth. If a comparative corro-
sion evaluation is required, carefully remove the
mycelia, using water and a soft cloth, after the evalu-
ation of the mould growth.

mediatgly before exposure.

Then inpculate the specimens and at least three con-
trol strips (3.3) with the mixed suspension (see 3.2.3)
by spralying the suspension on the specimens and
control [strips with an atomizer ensuring a uniform
distribufion of (15 000 + 3 000) spores per cm? of
the surface of the specimens.

Place the specimens and the control strips in the in-
cubation cabinet or conditioning chamber not later
than 15[min after inoculation. The test chamber shall
have begn operated at the required climatic conditions
at least|for 4 h before starting the incubation of the
specimegns.

In the gvent that the relevant specification not only
requireg the evaluation of the mould growth but alsg
evaluatipn of potential corrosion caused by the mould
growth and measurement of the transmission of-op-
tical indtruments, as many identical non-inoculated
specimens as inoculated specimens shall(be-exposed
to identjcal climatic conditions in separate incubation
cabinetg or climatic chambers. This_is-the only known
method|by which it is possible to-distinguish between
damage| caused by mould growth-and damage caused
by climgtic stress.

5.3 Activities during conditioning

Inspect [ control strips and Petri dishes for mould

5.5 Evaluation

For the evaluation of the @xtént of moul@ growth, re-
fer to table 5. If, in addition to mould growth evalu-
ation, evaluation of~eorfosion damage due to mould
growth is requiredremove the mycelia and compare
the specimenstwith the non-inoculated specimens.

5.6:.0General level for acceptance

Unless otherwise specified in the relevant specifi-
cation, the test shall be accepted as sucgessful if the
amount of growth is less than or equal fo grade 2 in
table 5.

Table 5 — Evaluation of the extent| of mould

growth after seven days of conditioning in accordance
with clause 4. If there is little or no growth on the
control strips andjor the Petri dishes, the entire test
is unacceptable and shall be repeated.

During conditioning, open the incubation cabinet or
conditioning chamber once a week for a few seconds,
for the purpose of air renewal. At the end of the ex-
posure time, the mould growth on the control strips
shall be more substantial in density than on the sev-
enth day of conditioning; otherwise, the test is unac-
ceptable and shall be repeated.

growth
Surface of
Amount of | g,pstrate
growth covered Extent of|growth
grade
%
on 0 Substrate is| devoid of
mould growth
11 more than | Sparse or vefy restricted
Oto 10 mould growth|{traces)
2 maore than Intermittent lor loosely
10 to 30 spread mould colonies on
substrate surface (visible
with the naked eye)
3 more than | Substantial amount of
30 to 70 mould growth (easily vis-
ible)
4 more than | Massive mould growth
70
1) Use x 50 magnification with appropriate illumination
when evaluating these grades.



https://standardsiso.com/api/?name=db0fa605b313531701624af86218d292

I1ISO 9022-11:1994(E)

ISO 9022-1.
EXAMPLE

ments for re

1, shall be identified as:
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7 Specifigation

The relevant
details:

a) environm

b) number of specimens;

c) type and

»

6 Environmental test code d) arrangement and position of the specimens in the
conditioning cabinet or climatic chamber;
The environmental test code shall be as specified in . . o
e) where appropriate: identification of the fungal
strains of the species of fungi listed in table 1;
) o f)  number and type of non-contaminated specimens;
The environmental test of material for optical instru-
sistance to mould growth, conditioning g) requirements regarding air circulation in the con-
method 85, degree of severity 01, state of operation ditioning chamber;
L h) requirements with respect to recordingithe tem-
Environmeental test ISO 9022-85-01-1 perature and relative humidity;
i) type and scope of initial test;
Specification shall contain the following j)  preconditioning if other thamspecified in 5
k) recovery if other than-specified in 5.4,
bntal test code; :
I) type and scope of fifial test;
m) criteria for evdluation, taking into account §.5;
Himensions of specimens;
n) type and scope of test report.
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Annex A
(informative)

Explanatory notes

Fungal spores are omnipresent. Provided that the en-

etchings are chiefly brought about by the acid

vironmegntal conditions, such as humidity and tem-
peraturg,“are favourable, the spores will germinate
without| needing extraneous nutrients. The majority
of fundi prefer/temperatures between 20 °C and
30 °C apd a relative’ humidity of 90 % to 100 % as an
optimal| environment’for germination and further
growth.| Due to the presence of nutrients adsorbing
or absofbing humidity, stu¢h~conditions may even de-
velop, in the form of a microclimate, immediately
above the surface of substrates without the required
growth-stimulating conditions being, present in the
microclimatic environments.

After gérmination, nutritious substances.are required
for further growth. Minute amounts of organi¢/matter,
such as|textile fibres, traces of organic fats, varnishes,
fingerprnts, dust and other organic contaminants will
be enoligh to stimulate growth. The germinal tube
starts gecreting enzymes required to process the
available nutritious matter for further growth and de-
velopmeént of the mycelium.

Mould ¢an germinate, but not grow, even on clean
inorganic material surfaces such as, for instance,
silicate [enses as used in optical instruments. For this
reason, |optical lenses should not be tested for mould
growth [unless they are an integral part of an instru-
ment t@ be tested, although it is the mould growth
on optidal surfaces that, in fact, causes functional de-
gradatign of optical instruments. The reason for mould
growth [on mounted lenses is the fact that traces of
organic|contamination on the optical surfaces serve
the spgres as food stock, and that nutrient organic
materia| is deposited in the joint between the cell and
the leng _during the process of cleaning the optical

metabolic products of the fungi.

The etching effect of the metabolic pro

ducts is pre-

sumably supported by the increased mpoisture con-

centration in the immediate vicinity of th
The varied susceptibility of different typd
mould infestation and resultant etching
planation in the attacking mechanisi
above. Thus, mould growth can do n

e mycelium.
s of glass to
finds its ex-
n described
b permanent

damage to fused silica because of the latter's resist-

ance to acids (except for hydrofluoric aci
Although glass types of a satisfactory
atmospheric corrosion and acids sho
inhibitory action towards mould growth

i) and water.
esistance to
W but poor
, little or no

permanent damage will be observed aft¢r removal of

the mycelium. Glass types of a poor res
mospheric corrosion and acids will, ho

stance to at-
vever, show

posure to mould growth. On the other

and, the ex-

clear traces of etching even after a sho% time of ex-

pansion of the mycelium across the le
inhibited by the release of toxic substan
glass’during the process of etching.

Blooming )coatings cause little or no ¢
mechanisms of mould growth and etch
the type of-glass is concerned. How
creased contrast (capability of coated le
detection even of(isolated hyphae (myd

s surface is
ces from the

hange in the
ng as far as
bver, the in-
nses permits
elial threads)

of a size which would‘not be visible to t

e naked eye.

So far, there is no way of-efficiently protecting optical

surfaces by means of /chemical
(fungicides) that inhibit or prevert-moul

substances
growth. The

application of fungicides to thedsurfage of optical
lenses would substantially degrade” ftheir optical

surfaces.

Cell elements coated with inadequate varnish or
made of synthetic material may also serve as a food
source for fungi. It is mainly from these peripheral
zones that the mycelium will spread its typical fine-
veined or lichenous network across the lens surface.
Unless removed at an early stage and depending on
the type of glass used, more or less severe irrevers-
ible etchings of the lens surface may be left behind in
the shape of a “print” of the mycelial network. These

fransmission. Some temporary protective effect on
mould growth from the peripheral joint may be
achieved by incorporating into the edge of the lens
or the cell varnish fungicides that become active dur-
ing their volatile phase. Such fungicides are able to
poison the nutrients settling in the joint between the
cell and the lens. An essential and most effective way
of fighting mould infestation is to clean frequently and
thoroughly all accessible lens surfaces.

As far as encased optical surfaces, especially in prop-
erly sealed internal compartments, are concerned, a
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relatively satisfactory, albeit temporary, protection
from mould infestation can be achieved by employing
fungicides. Care should however be taken to ensure
that spores enclosed during instrument assembly are
destroyed to as large an extent as possible.

Furthermore, desiccator cartridges may be placed in
internal compartments in order to keep the relative
humidity below 65 %, thus preventing fungi from

germinating and growing.

Materials of g
and other cel

© SO

the following points should be taken into consider-
ation.

a) The volatilization pressure of the fungicide, at
ambient temperature, shall be high enough to
maintain anywhere within the instrument a con-
centration sufficient to prevent mould growth;
however, condensation of the fungicide on optical
surfaces, or corrosion of components caused by
the fungicide, is unacceptable.

i organic natare, such as teather, paper
ulose derivatives, textiles, felt, oil var-

nishes, and \egetable and animal oils and fats, are

most suscept

Unplasticized
ganic fillers is
material, if pl
susceptible t
ceptibility de
used. Derivat
ticularly cond
of phthalic ac

When selecti
terials or for i

ble to mould growth.

synthetic material with or without inor-
fairly unlikely to be infested, while such
hsticized or containing organic fillers, is
b mould infestation, the grade of sus-
bending upon the type of plasticizer
ves of fatty acids, for instance, are par-
Licive to mould growth whereas those
ds are less stimulating.

ng fungicides for incorporation into ma-
mpregnation of materials and varnishes,

b) Operational and testing temperatures of [the in-
strument shall not degrade the stahility |of the
fungicide.

c) The fungicide shall not be soluble in water

d) The volatilization pressure_of the fungicide shall
be standardized to be-effective over an ¢ptimal
period.

e) Fungi may become resistant to a fungidide at-
tacking them.over a prolonged period.

fy The effectiveness of fungicides used in cqgmpart-
ments-that are not absolutely airtight will e limi-
teddin time.
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