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INTERNATIONAL

Standard Test Method for
Determining the Resistance of Paint Films and Related
Coatings to Algal Defacement *!

This standard is issued under the fixed designation D 5589; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope a mixture of the proper algal specie8) éxpose the inoculated
1.1 This test method covers an accelerated method fot@mples under the appropriate conditions for growth, did (

determining the relative resistance of a paint or coating film tg°rovide a schedule and guidelines for visual growth ratings.
algal growth. This test method is not designed to include all the necessary

procedures to maintain the proper microbiological techniques

Note 1—It is hoped that a ranking of relative performance would be required to provide the most accurate results.
similar to that ranked from outdoor exposures. However, this test method

should not be used as a replacement for exterior exposure since magy Significance and Use

other factors, only a few of which are listed will affect those results. . . . .
4.1 Defacement of paint and coating films by algal growth is

1.2 The values stated in Sl units are to be regarded as the .ommon phenomenon under certain conditions. It is gener-
standard. The values given in parentheses are for mformatlog”y known that differences in the environment, lighting

only. . temperature, substrate, and other factors in addition to the
1.3 This standard does not purport to address all of the4ting composition affect the susceptibility of a given painted
safety concerns, if any, associated with its use. It iS ey face This test method attempts to provide a means to
responsibility of the user of this standard to establish appro-omparatively evaluate different coating formulations for their
priate safety and health practices and determine the applicase|ative performance under a given set of conditions. It does
bility of regulatory limitations prior to use. not imply that a coating that resists growth under these
conditions will necessarily resist growth in the actual applica-
tion (see Note 1).
2.1 ASTM Standards: 4.2 Familiarity with microbiological techniques is required.

D 822 Practiqe for Filtered Open—l_:Iame Carbon-Arc EXpo-rhjs test method should not be used by persons without at least
sures of Paint and Related Coatifgs basic microbiological training.

D 4141 Practice for Conducting Black Box and Solar Con-
centrating Exposures of Coatirfgs 5. Apparatus and Materials
D 4587 Practice for Fluorescent UV-Condensation Expo- g 4 Balance capable of weighing to 0.10 g.

sures of Paint and Related Coatifigs 5.2 Incubator, or other device capable of maintaining a
D 5031 Practice for Enclosed Carbon-Arc Exposure Testggnstant temperature between 252°C, relative humidity of
of Paint a_nd Related CO?‘“@S. =85 %, and having a constant fluorescent light source.
G 53 Practice for Operating Light- and Water-Exposure g 3 Refrigerator
Apparatus (Fluorescent UV-Condensation Type) for EXpo- g 4 petri Dishes 100 by 15 mm (3.9 by 0.6 in.).
sure of Nonmetallic Materiafs 5.5 Autoclave

3. Summary of Test Method gg _I?air;tSBrt;Jsth (Egc_filtrse bristle, iﬁ to 19 rlnm/z(to Ya in.).I
. _ .7 Test Substratdilter paper, either regular paper or glass
3.1 This test method outlines a procedure Ip frepare a fiber, 42 cm (L.65 in.) in diameter, or drawdown paper

suitable specimen for testing?)(inoculate the specimen with (unlaguered chart paper) 21.6 by 28.0 cm (8.5 by 11 in.), cut
into ten 21.6 by 2.8-cm (8.5 by 1.1-in.) strips may be used.

1 This test method is under the jurisdiction of ASTM Committee DO1 on Paint 5.8 TISSUQ Grinder
and Related Coatings, Materials, and Applications and is the direct responsibility of 5.9 Atomizer or Chromatography Sprayer
Sutécommitt%e;‘DOl-ZS Bioc(ijejeziorlaéi%g? bublished S er 1007, Oricinall 5.10 Sterile Glass Rods, Forceps, 250-mL Glass Erlenmeyer
urrent edition approved July 10, . Published September . Origina ; ; ; ; ;
published as D 5589 — 94. Last previous edition D 5589 — 94. ¥:Iask and other routine mlcrObIOIOglcal equipment.
2 Annual Book of ASTM Standardgol 06.01.
3 Annual Book of ASTM Standardéol 14.02.
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5.11 Allen’s Mediunt or Bold’s Basal Mediufingredients  50°C before aseptically adding the ferric citrate. After mixing,

(see 6.3). pour the media into petri dishes.
5.12 Distilled Water 6.4 Bold’s Basal Medium-Prepare ten individual stock
. solutions in distilled water as indicated:
6. Reagents and Materials )
. . Stock Solutions 9/400 mL
6.1 Purity of Reagents-Reagent grade chemicals should be
used in all tests. Unless otherwise indicated, it is intended thatt- NaNos 100
- 2. MgS0,-7H,0 3.0
all reagents should conform to the specifications of thes \q 10
Committee on Analytical Reagents of the American Chemical 4. k,HPO, 3.0
Society, where such specifications are avail&§her grades 5 KH:PO4 7.0
. . . F CaCl,-2H,0 1.0
may be used, provided they are first ascertained to be o
sufficiently high purity to permit use without decreasing the Trace Element Solutions: giL
accuracy of the determination.
. N 7. ZNS0,-7TH,0 8.82
6.2 Purity of Water—Unless otherwise indicated, references  yincy,-an,0 1.44
to water are understood to mean distilled water or water of Moo, 0.71
equal or higher purity. CuSO,:5H,0 157
- : - . . . Co(NO3),-6H,0 0.49
6.3 Allen’s Mediuma—Prepare liquid medium by dissolving Distilled Water to1L
in 1000 mL of water the following reagents in the designated  Autoclave to dissolve.
amounts: 8. HyBO, 11.42
Reagent Amount, g/1000 mL
NaNO4 15 9. EDTA-KOH solution:
K,HPO, 0.039 EDTA 50.0
MgSO,-7H,0 0.075 KOH 31.0
CaCl,-2H,0 0.027
Na,CO4 0.020 10. FeSO,-7H,0 4.98
Na,SiO;-9H,0 0.058 H,SO,(concentrate) 1.0 mL
Citric acid 0.006
/E”DTAA | i Q-SOGLB 6.4.1 Combine 10 mL each of Stock Solutions 1 through 6
en’s trace element solution Oom - . .
Distilled water 10 1000 mL with 1 mL each of Stock Solutions 7 through 10 in 936 mL
Ferric citrate (see Note 2) 0.006 (see Note 2) distilled water. Autoclave at 121°C.
A Ethlenediaminetetraacetate. 6.5 A variety of algal cultures, |ncl.ud|n.g wild strains iso-
BAllen’s Trace-Element Solution: lated from paint films, may be used in this protocol. Choose

strains from the following list, use field isolates or use other
strains found to grow satisfactorily under the protocol condi-
tions. It is recommended to choose at least one culture from
Reagent Amount, g each type. The choice of strains should be agreed upon between

Dissolve in 500 mL of distilled water:

H3BO3 2.86 . . . .
MIRCl,. 4H,0 181 the parties involved in the testing.
ZnsS0,-7H,0 0.222 Algae Collection/Strain®
Na,Mo0,-2H,0 0.391 Unicellular Green
CuS0,-5H,0 0.079 Chlorella sp. ATCC 7516
Co(NO3),-6H,0 0.0494 Chlorella vulgaris ATCC 11468
.NOTE 2—The ferric citrate must be auto_claved separately. The fer_ric Filamentous Green
citrate should be added after the medium has cooled from being Ulothrix gigas ATCC 30443
autoclaved. Trentepohlia aurea UTEX 429
. . . Trentepohlia odorata CCAP 483/4
6.3.1 Adjust the pH of the medium to 7.8 using IM P
NaOH/1.0 M HCI and autoclave at 121°C (without ferric Colony-forming Green
citrate added) to 45 to 50°C before aseptically adding the ferric Scenedesmus quadricauda ATCC 11460
. Filamentous Bluegreen
citrate (see Note 2). o _ Oscillatoria sp. ATCC 29135
6.3.2 Allen’'s Agar—Prepare by dissolving 15 g of agar in Calothrix sp. ATCC 27914

1000 mL Allen’s Medium before autoclavmg. Cool to 45 to A Available from the following culture collections and found suitable for this test:

American Type Culture Collection (ATCC), 12301 Parklawn Drive, Rockville, MD

20852; University of Texas (UTEX), Department of Botany, The University of Texas

Y ) . at Austin, Austin, TX 78713-7640; Culture Collection of Algae and Protozoa
Bold, H. C., Wynne, M. J., “Introduction to the AlgaePrentiss-Hall (CCAP), Institute of Freshwater Ecology, The Windermere Laboratory, Far Sawrey,

Engleyvood Cliffs, NJ, 1978, pp. 574-5. ) ) ) Ambleside, Cumbria LA22 OLP, U.K. Grow purchased cultures in media and under
Kirsop B. E., and Snell J. J. S.Maintenance of MicroorganisnisAcademic incubation conditions recommended by culture collection.

Press Harcourt Brace Jovanovich, Orlando, FL, 1984, p. 158. | hould b . ined Vi liquid
®Reagent Chemicals, American Chemical Society Specificativmerican 6.6 Cultures shou e maintained separately in liqui

Chemical Society, Washington, DC. For suggestions on the testing of reagents nonedia recommended by the culture supplier. Allen’s Medium
listed by the American Chemical Society, sAealar Standards for Laboratory (6.3) is commonly used for bluegreen and other a|gae‘ The
Chemicals BDH Ltd., Poole, Dorset, U.K., and thenited States Pharmacopeia . s . .

and National FormularyU.S. Pharmacopeial Convention, Inc. (USPC), Rockville, reC|pe for Bold's Basal Med_lum,_whlch supports the grovvth of
MD. a wide range of algae is given in 6.4. If preferred, individual
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cultures may be maintained on solid media prepared by Note 7—There are a variety of methods that could be used to simulate

dissolving 1 to 1.5 % agar in liquid medium before autoclav-accelerated effects of weathering (sunlight or rain, or both), on the
ing samples. For example, a leach test that is frequently used to simulate the

. . . effects of rainwater (an important factor for algae growth) is outlined in
6.6.1 Cultures should be actively growing prior to use. USe‘l\lote 8. Conditioning of specimens by artificial weathering may be done

a tissue grinder to homogenize filamentous algae beforg:cording to one of the following practices: D 822, D 4141, D 4587, or
preparing inoculum. Adjust each culture to approximately onep 5031.

million cells per millilitre in sterile water or to a light green  Note 8—A leaching test may be conducted as follows. One of the

color. Combine equal volumes of individual cultures for areplicate sets is leached with distilled water for 24 h, then allowed to air
mixed inoculum. dry. The coated substrate can be leached by suspension for 24 h in 4-L

6.6.2 If preferred, harvest algae from an agar petri disl,{l-gal) containers of distilled water with a flow rate such that there are six

. . changes in 24 h (or other flow rate as agreed upon between the parties
culture by pouring 10 mL of distilled water on the agar Surfaceinvolved). Note differences in the integrity of the coatings after this

Gently scrape the algae with a sterile glass rod or pipet. Pip@aching. The test panels are then air dried for 24 h under the same
the suspension into a sterile 250-mL glass Erlenmeyer flaskonditions as the unleached samples, as in 7.4.
Repeat for all the cultures by pipetting into the same flask (try 7.6 |f the drawdown strips are being used, cut them into
to obtain approximately equal amounts of each species, angyghly 28-mm (1.1-in.) squares. Place these specimen
about the same total amount between runs of this test methagyares, or the coated filter disks, on the center of pre-poured
to make correlation of data between test runs easier). Bring thg|ien’s (or appropriate—see 6.6) agar plates. The plates should
mixed volume of suspension up to 100 mL with sterile water.pe prepared at least 24 h in advance, but no longer than one
Retain for later use as inoculum in 8.1. week. If the plates were stored in the refrigerator, allow them
Note 3—The previous procedure gives a mixed inoculum. Alterna-t0 equilibrate to room temperature prior to placement of the

tively, each sample could be inoculated separately with individual culturesamples.

as agreed upon between the parties involved.
8. Procedure

7. Preparation of Test Specimens 8.1 Inoculation of the Test Specimens

7.1 A set of coatings to be tested should contain a control 8.1.1 Place test specimens in the center of solidified Allen’s
paint without algicide (blank). If available, a formulation (O appropriate) Agar plates. If drawdown strips are used, first
known to perform satisfactorily in this test method should alsoPut into 28-mm (1.1-in.) squares.
be included. A set of paper filter disks or the draw-down papers 8-1.2 Transfer the mixed algal inoculum from the flask
without coating may be suitable growth controls (see 5.7). (from 6.6.2) into a sterile atomizer or chromatography sprayer.

7.2 Handle the disks or drawdown sections with sterile 8-1.3 Apply a thin coat of algae suspension to each speci-
tongs or tweezers. men, making sure the surface is covered, but not oversaturating

the samples. Also, be certain the amount of inoculum applied

N_OTE 4—Stf_3ri|ization or aseptic_ hapdling of the t_est materigl, or both,iS the same between the various samples under test (this should
?‘;/;)lljclié bacterial or other contamination that may interfere with the tesbe done by the same applicator at the same time for all

' samples).

7.3 Coatings to be tested will be applied to the chosen test 8.1.4 Transfer the inoculated plates to an incubator with a
substrate (5.7) by brush coating the strips of drawdowrconstant fluorescent light source, humidity85 %, and a
paperboard or filter disks with each sample in duplicate. Takeemperature setting to maintain 25 2°C.
care to apply a thin, even coating with the same thickness for

all coating samples. Note 9—If the capability is available, a cycle of 14-h light and 10-h

darkness can improve the growth of the algae.

Note 5—One or both sides of the substrate (drawdown strips or filter 8.1.5 Incubate the samples under the specified conditions
paper) may be coated as agreed upon between the parties involved. just stated and examine weekly for growth. Growth will appear

Note 6—With the drawdown strips, this can be conveniently accom-gg the typical green algae-like discoloration of the coating.
plished by punching a hole in the top of the strip and suspending the Stribthel’ species may show different colors
from a drying rack with string or a twist tie. The label for each strip can '

be written in the top 12.7 mn¥4 in.) of the strip (near the hole) and the 9. Evaluation of Results
coating applied below that 12.7-mm strip. Another 12.7-mm area can be .
left uncoated at the bottom of the strip to permit holding the strip while 9.1 Rate the growth (_)n t_he specimen weekly for three weeks
brushing. This would still leave sufficient coated area for six 28 by 28-mmaccording to the following:

(1.1 by 1.1-in.) test squares from each strip. With the filter disks, a hole Observed Growth on Specimens Rating

can be punched near the edge of the disk. None
Traces of growth (<10 %)

7.4 After application, suspend the sample disks or stripsight growth (10-30 %)
H P Moderate growth (30—60 %)
];E)Oonr; ci;yr;:wge::;frse and allow them to air dry for 24 to 72 h at Heavy growth (60 % 1o complete coverage)
75 If accelerated weathering, heat aging, or other precon, 2% (7 FLERE EE B I e ons hat on flom 10
dlthll’llng of Sample.s Is also t_O be run, prepare a separate set 0. The lower growth ratings should correspond to longer time periods
duplicate sample disks or strips. The results from these samplgg gae-free surface under actual use conditions between the samples
may be compared with those from the unweathered or uncortompared in a given test (if the samples are leached/weathered). Com-

ditioned samples. parisons of actual ratings between samples tested at different times (not

MwNEFRO
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together in the same test) should be avoided since changes in inocula, 10.1.4 If an ASTM test method is used for preconditioning,

substrate, or other conditions could affect the growth rating. Comparisong|| appropriate information as required by that test method
of relative rankings of performance between samples tested at differer?.l,]uSt be reported

times should be valid.

9.2 Notations should_be madg for “zongs of ir)hibition” of 11 Precision and Bias
growth on the surrounding agar if present in addition to a “0” - . ) ) o
growth rating on the sample. Such zones can be designated by11.1 Precision—Itis not practical to spemfy the precision of
a Z prefix with a number following it. The number would the procedure in this test method for measuring algal resistance
correspond to the average width in millimetres of the zonedf @ coating, because the actual rating numbers for samples
around the sample. A large zone of inhibition indicates goodested at different times or in different laboratories will be
biocidal effectiveness against the test organism(s), but it alsaffected by changes in inoculum strength, substrate, or other
suggests that the biocide is rapidly migrating out of the coatingonditions that effect the algal growth. In addition, differences
(high potential for leaching). in the perception and experience of the individual determining

. N _ the growth ratings may effect the actual rating numbers

Note 11—Leached samples showing a significant decrease in efficac . .
(increase in growth rating or decrease in zone of inhibition) versus th ssigned. C_ompar_lsons may be made betwe_en sar_nples tested at
corresponding unleached sample indicate that the biocide is leaching frof€ Same time using the same inoculum with a given labora-
the coating to some extent. This may indicate the potential for diminishedory. A relative ranking in order of the performance ratings
exterior performance. (that is, good, better, best) should remain the same between
10 R ; samples tested at different times or in different laboratories.

- Repor Comparisons of the actual rating numbers between samples

10.1 Report the following information or as otherwise tested at different times or in different laboratories should be
agreed upon between parties involved in the testing: avoided.

10.1.1 The date, algal species used, incubation conditions, 11.2 Bias—No information can be presented on the bias of

anfosij ?eTLn:ir;S}rgl;S?rT dFi)Le '?zgﬂﬂgagfo r\:\;eekl observationsthe procedure in this test method for measuring algal resistance
. e . Pe ) y ) of a coating because materials having acceptable reference
including: dates; notation of any unusual occurrences; and th

rating of degree of defacement, Values are not available.
10.1.3 Complete description of exposure cycle, time of

exposure, and device(s) utilized for any preconditioning oflz' Keywords

specimens. 12.1 agar plate; algae; algal resistance
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