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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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INTERNATIONAL STANDARD ISO 12460-2:2018(E)

Wood-based panels — Determination of formaldehyde
release —

Part 2:
Small-scale chamber method

1 (Scope

Thif document specifies a test method to measure the formaldehyde concentrations in air from wood
profducts under defined test conditions of temperature and relative humidity(-Results obtpined from
thig small-scale chamber test method are often used for quality assurance@nd can be comparable to,
or dan provide useful correlations to, results obtained from testing larger.product samplgs in larger
chamber test methods for wood products, such as the 1 m3 chamber method specified in ISQ 12460-1.

NOTE1 This documentis based on the general principles and methodsXef ASTM D 6007.
NOTE 2 SO 12460-1 for the 1 m3 chamber is the reference method for the determination of formaldehyde
relepse. For factory production control the derived test methods“according to this document, I$0 12460-3,
ISO[12460-4 and ISO 12460-5 are used.
2 [Normative references

The following documents are referred to in the text in such a way that some or all of their content
congtitutes requirements of this document. For dated references, only the edition cited gpplies. For
undated references, the latest edition of the-teferenced document (including any amendments) applies.

[SO| 12460-1, Wood-based panels —= Petermination of formaldehyde release — Part 1: Fofmaldehyde
emifsion by the 1-cubic-metre chambéer method

3 |Terms and definitions
For|the purposes of thisTdocument, the following terms and definitions apply.

[SO|and IEC mainfain terminological databases for use in standardization at the following addresses:

— |IEC Electropedia: available at http://www.electropedia.org/

— |ISO. @nline browsing platform: available at http://www.iso.org/obp

3.1
air change rate

N

ratio of conditioned and filtered air, Q, that enters or is replaced in the small chamber in one hour
divided by the interior volume of the small chamber, V, air changes per hour (ACH)

3.2

loading ratio

L

total exposed surface area, 4, excluding panel edges, of the product being tested divided by the test
chamber’s interior volume, V, in m2/m3

Note 1 to entry: L is equal to A/V.

© ISO 2018 - All rights reserved 1
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3.3

make-up airflow

Q

quantity of conditioned and filtered air fed into the chamber per unit time, in m3/h

3.4
Q/A ratio
ratio of air

3.5

flow through the chamber (Q) to sample surface area (4), in m/h

sample surface area

A
total area

3.6
measured
Cc
formaldeh}
of this met]

3.7
volume of
vV

interior vo

4 Gene

This meth
determine

(I)f all sample faces exposed in the chamber, in m2

concentration

rde concentration (expressed in mg/m3) under the defined environmental test parame
hod

closed system

ume of the test chamber, in m3

ral

pd measures the quantity of formaldehyde.in"an air sample from a small chambey

l by a modification of the National Institute for Occupational Safety and Health (NIO

3500 chronotropic acid test procedure (see Bibliography). Other analytical procedures may be use

determine
results. Th

the quantity of formaldehyde in the air\sample provided that such methods give compar
e test report shall include full description of the analytical procedure employed.

This test method specifies testing at the loading rate and air exchange rate used in [SO 12460-1.
5 and test report shall be praperly qualified and shall specify the make-up air flow, sample

test result
surface arg

Ideal cang
formaldeh}
and prepar

The value

a, and chamber volume.

idates for small-scale: chamber testing are products relatively homogeneous in
Fde release characteristics. Still, product inhomogeneities shall be considered when selec
ing samples for small-scale chamber testing.

stated in.SI units are the standard values. Any values given in parentheses are

information only.

NOTE ]
use. It is th

fers

as
SH)
d to
hble

The

the
[ing

for

'his,document does not purport to address all of the safety concerns, if any, associated with its

b responsibility of the user to establish appropriate safety and health practices and determins

the

applicability

ofreculatorv limitations priortouse.
o J r

5 Significance and use

5.1 Various national and regional regulations on formaldehyde emission levels have been established
for wood panels. This international test method was adapted from the small chamber test method
specified in ASTM D6007 where its use has been well established as part of monitoring mill compliance
to formaldehyde regulations of the U.S. Department of Housing and Urban development (HUD)[1l. This
test method provides a means of testing smaller samples and reduces the time required for testing.
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5.2 Formaldehyde concentration levels obtained by this small-scale method can differ from expected
in full-scale indoor environments. Variations in product loading, temperature, relative humidity, and air
exchange will affect formaldehyde emission rates and thus likely indoor air formaldehyde concentrations.

5.3 This test method requires the use of a chamber of 0,02 m3 to 1 m3 in volume to evaluate the
formaldehyde concentration in air using the following controlled conditions which are defined within
this standard method:

a) conditioning of specimens prior to testing;

b) nvpncnd surface area ofthe specimens-in the test chamber;
c) |test chamber temperature and relative humidity;
d) |the Q/A ratio;

e) |air circulation within the chamber.

6 |Interferences

Theg NIOSH 3500 analytical method lists phenols as a negative interference when present at an 8:1
excess over formaldehyde. Modification in the analytical proceduire’shall be made when reldtively high
phenol to formaldehyde concentrations (8:1) are anticipated (See Hakes paper[8] and Teth Bulletin
415[9D). Interferences of other analytical methods should be détermined by reference to othey applicable
stamdard test methods.

7 |Apparatus

7.1l Test chamber

Thd interior volume of the small champer shall be from 0,02 m3 to 1 m3. The interior |of the test
chamber shall be free of refrigeration'coils that condense water and items such as humidifiers with
water reservoirs since water has-the potential for collecting formaldehyde and thus influpncing test
restilts. The interior surfaces ofithe small chamber, including any sample support system, shdll be a non-
absprbent material. Stainless.steel, aluminium, and polytetrafluoroethylene (PTFE) have been found
appropriate as chamber lining materials. All joints except for doors used for loading and| unloading
spefrimens should be sealed. Doors shall be self-sealing.

7.2 Make-up dir

7.2{1 General

Theg méke-up air shall come from a filtered dust-free environment and contain no more than|0,006 mg/
m3 pfformaldehyde. This can be accomplished by passing make-up air through a filter bed df activated
carbon, activated alumina impregnated with potassium permanganate, or other materials capable of
absorbing, or oxidizing formaldehyde.

Make-up air for the chamber shall pass through a calibrated air flow measuring device.

7.2.2 Air circulation

Low speed mixing fans or multi-port inlet and outlet diffusers are two techniques that have been used
successfully to ensure mixing of the chamber air over all sample surfaces.

© ISO 2018 - All rights reserved 3


https://standardsiso.com/api/?name=2c84b7e7bfa3bf2b75b01a9eb4e0f752

ISO 12460-2:2018(E)

7.2.3 Air sampling port

The exhaust flow (that is, chamber outlet) is normally used as the sampling point, although separate
sampling ports in the chamber can be used. The sampling system shall be constructed of a material to
minimize absorption (for example, glass stainless steel), and the system should be maintained at the
same temperature as the test chambers.

8 Hazards

ask
mes
uld

8.2 C(Cleaning chemicals for glassware

Use appropriate precautions if cleaning chemicals are considered to be hazardeus.

9 Test §pecimens

9.1 Standard loading ratio

(L or A/V)|is defined as the total exposed specimen surface area, excluding edge area, divided by|the
chamber vplume. The loading ratio, L, shall be (1,0 + 0,02} m?2/m3.

9.2 Number of test pieces

Two squareg test pieces, sized to meet the loading ratio specified in 9.1, shall be cut.

9.3 Nonptandard sample configuration testing products with single surface exposed

Some products have significantly(different formaldehyde release characteristics for each surfacg. In
those case$§, panels may be testedback-to-back with edges taped together. The panels shall be identified
as tested in the back-to-back.mode.

10 Sample material handling and specimen conditioning

10.1 Hangdling

Materials gelected for testing shall be wrapped in polyethylene plastic having a minimum thickness
of 0,15 mm (6 mil) until sample conditioning is initiated. When testing wood products that are not
newly manufactured such as after original application, installation or use, the method of packaging
and shipping the products for testing shall be fully described. Information on the age and history of the
product shall be detailed in the test report.

10.2 Conditioning

Condition test specimens with a minimum distance of 0,15 m (6 in.) between each specimen
for 2 h = 15 min at the conditions of (24 + 3) °C (75 * 5) °F and (50 = 5) % relative humidity. The
formaldehyde concentration in the air within 0,3 m (12 in.) of where panels are conditioned shall be
not more than 0,01 mg/m3 during the conditioning period. Alternative conditioning intervals can
give better correlation to larger chamber test methods, such as 7 days * 3 h conditioning or 15 days
conditioning that parallels ISO 12460-1.

4 © ISO 2018 - All rights reserved
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air exchange ratio (Q/V ratio) shall be (1,0 = 0,05)/h.

10.3 Sealing of test piece edges

After conditioning, test piece edges shall be partly sealed using self-adhesive aluminium tape to give a
constant ratio of the length, U, of the open (unsealed) edges to the surface area, 4, so that U/A = 1,5 m/mZ.

NOTE

As a result of the constant ratio U/A = 1,5 m/m2, the percentage of open edges area re

surface area depends on the thickness of the test piece, as shown in the following examples.

Pan

10
19
32

11
11.
11.
fory
air

Suit

11.
that

11.

el thickness Percentage of open edges area
mm 1,5 %

nm 2,8%

mm 4,8 %

Procedure

1 Test procedure for materials

.1 Purge the chamber by running empty or with the {se of filters designed to
haldehyde background concentration in air, or both. The formaldehyde background concg

able solvent if formaldehyde background concentrations approach 0,005 mg/ 3.

.2 Load specimens to obtain a loading rate, L, .01, m2/m3. Locate the specimens in the
the conditioned air stream circulates over all:panel surfaces.

1.3 Operate the chamber at (25 = 1) €6(77 £ 2) °F and (50 £ 4) % relative humidity.

lated to the

reduce the
ntration in

f the empty operating chamber shall not exceed 0,006 mgym3. Clean chamber surfaces with water or

hamber so

Record the

temperature, relative humidity, and barometric pressure during the testing period. Conduct tle chamber

test
Q/V

in a

11.
beg

11.

Pur
con
imp
min

at the specified Q/V ratio and regerd this ratio in the report. Conduct the chamber test at th
ratio of (1,0 £ 0,05)/h and record this ratio in the report. The air exchange and loading r
Q/A ratio of 1,0.

.4 After placing the speeimens in the chamber;, allow time for no less than two full air cha
jnning the air sampling:

2 Air sampling

ce air sampling lines for 1 min. At the sampling station, bubble air through a singl
faining:20 ml of a 1 % sodium bisulfite (NaHSO3) solution. A filter trap may be placed b
ingér\and the flowmeter. Set a calibrated flowmeter to maintain an average airflow of (

e specified
htios result

nges before

e impinger
btween the
| +0,05)1/
nimum air

for 30 min to 60 min with time measured accurately to within 5 s resulting in a mj

sampling of 30 Tto 60 I. For products with very Iow emission rates, it may be necessary to sample the air
for 60 min. Following air sampling, analyse the collection solution.

11.

3 Analysis of air samples

The following analysis is based on the chromatropic acid method as described in the ASTM D6007
method from which this standard was derived. Other analytical methods, such as the acetyl acetone
method described in ISO 12460-1:2007, Clause 9 is a permitted alternate analytical method. Other
methods are acceptable if they provide similar results.

11.3.1 Pipet 4 ml of the NaHSO3 solution from the impinger into each of three 16 mm by 150 mm
screwcap test tubes for triplicate analysis of each impinger sample.

©IS
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11.3.2 Pipet 4 ml of 1 % NaHSO3 into a 16 mm by 150 mm screwcap test tube to act as a reagent blank.
11.3.3 Add 0,1 ml of 1 % chromotropic acid reagent to each test tube. Shake tube after addition.

11.3.4 Slowly and carefully pipet 6,0 ml concentrated sulfuric acid (H2S04) into each test tube
(Precaution - see 8.1) and allow to flow down the side of test tube. Allow the volumetric pipet to drain.
Do not blow out. Before placing caps on test tubes, check the condition of the polytetrafluoroethylene
(PTFE) cap liners to make sure they are clean and not deteriorated.

11.3.5 Slow ahd gen agitate tes bes to affect mixing Mixing is complete when there is ng
of stratification. Caution needs to be taken due to the exothermic chemical reaction. Rapid mixing
cause heat

11.3.6 If gdbsorbance readings exceed 1,0 or if spectrophotometric analysis is performed“within R h,
heat capped test tubes to 95 °C or place capped test tubes in a boiling water bath for((I5 + 2) mi.
ensure thaf the chemical reaction is completed. Remove tubes from water bath and allgw to cool to r
temperatufe.

11.4 Abs¢rbance readings

11.4.1 Standardize the spectrophotometer using distilled water af.580 nm in accordance with|the
instrument’s operating instructions. The reagent blank shall be.réad against distilled water becduse
an absorbgnce above 0,100 for the reagent blank indicates contaiiination of reagent blank or imprdper
solution pieparation. If absorbance for the reagent blank compared to distilled water is greater than
0,100, repdat the entire standardization procedure.

11.4.2 Zeyo the instrument using the reagent blank”if the absorbance is not greater than 0,100
(compared|to distilled water as zero). Alternativelysthe instrument may be left zeroed on distilled water,
and the abgorbance of the reagent blank subtracted from the absorbance of the standard solutions.

11.4.3 Read and record absorbance at 580-nm for each test tube prepared (see A.4.6 to A.4.9). If|the
absorbancg of the specimen solution is.found to fall outside the preferred absorbance range (>1,0), steps
11.3.1 to 11.3.4 may be repeated usingian appropriate dilution of each impinger solution.

12 Calcullation

12.1 Conviert the volume-of air sampled to the volume of air at standard conditions as per Formula (|1):

v, __['xPx298 8
101x(T#273)

V1 isthe volume of air at standard conditions (101 kPa and 298 K), in litres I;
V' isthe volume of air sampled, in litres |;
P isthe barometric pressure, in kPa;

T isthe temperature of sample air, in °C.

6 © ISO 2018 - All rights reserved
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12.2 Calculate total micrograms of formaldehyde collected in each impinger sample as per Formula (2):

C.=C,xF,

where

C: is the total mass of formaldehyde in the sample, in pg;

(2)

C, 1is the total quantity of formaldehyde in the sample aliquots taken from the impinger (as de-

termined from the calibration curve in A.4), in pg;

12.

wh
Roy

NOT

12.
fory
dev|

temlperatures as calculated using this formula. The observed test temperature is the average tq

for

12.

relative humidity wherrthe difference in relative humidity from 50 % is greater than or equal

Anr

13

Rep

F, isthe aliquot factor:

Fo- sampling solution volume, mL

a

aliquot used, mL

B Calculate the concentration of formaldehyde in air in the small chamber|as per Formula

C =C, /Vs

tre C is the formaldehyde in mg/m3.

nd calculated formaldehyde concentrations to the nearest 0,01 mg/m3.

E At 23 °Cand 1 013 hPa the following relationship éxists for formaldehyde:
1,24 mg/m3 = 1 ppm (parts per million);

1 mg/m3 = 0,81 ppm (parts per million).
. When the chamber temperature differs from 25 by 0,25 °C (77 by 0,50 °F) or more
haldehyde concentrations obtained to a standard temperature of 25 °C (77 °F) using

bloped by Berge et al. Annex A cantains a table of conversion factors for use at different ob

'he total period of 15 min pfior to air sampling plus the time of air sampling.

b The small chamberformaldehyde concentration in air shall be adjusted to a concentrat

ex A).

Report

ortthe following information.

3

[ (4):
(4)

adjust the
a formula
served test
mperature

onat 50 %
to 1 % (see

Test

sl ar
TIoaTtrotT:

13.1 Title of report shall state if standard face and back configuration testing (see 9.1) or if nonstandard
configuration testing (see 9.2) was performed.

13.2 The manner in which materials where shipped or stored, or both: wrapped separately in vapour
retarder, wrapped collectively in vapour retarder or in original box or container. If materials were shipped
unwrapped, or no in the original box or container, it shall be noted in the test report. Information on age
and product history, if known, shall be described in the test report.

13.3 Name or product manufacturer or name of company submitting material, or both, date of
manufacture, and sampling date (if known).

© ISO 2018 - All rights reserved
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13.4 Description of test material or product shall include generic product name, thickness, size, if
surface is finished or sealed (both surfaces should be described), and special treatment (if known).

13.5 Specimen condition details to include average temperature and range (nearest 0,25 °C), average

relative hum

idity and range (nearest 1 %), and time to the nearest minute.

13.6 Formaldehyde background concentration in the air in the area where specimens are conditioned

(rounded t

13.7 Cha

o the nearest 0,01 mg/m3).

bervolume: nominal ]pngﬂ'\, ‘Aridﬂ'\, and hpighf

13.8 Chamber Q/L ratio.

13.9 Desc
number of

13.10 Avs
1 %), and t

13.11 Chg
concentrat

13.12 Thq
procedure

13.13 For
concentrat

13.14 Air

13.15

Fiption of specimens as loaded into chamber including number of specimen§“in charge
surfaces exposed.

jme to the nearest minute during the sampling period.
on in air corrected to 24 °C, 50 % relative humidity, rounded'to the nearest 0,01 mg/m3.
b analytical method employed if different from the~NIOSH 3500 chromotropic acid

described in this standard.

on of make-up (rounded to the nearest 0,04 mg/m3).

Lsampling rate and length of sample®ime.

Dafle of test.

rage temperature and range (nearest 0,25 °C), average relative humidity and range (nea

mber formaldehyde concentration in air at test conditions; chamber formaldeh

maldehyde background concentration of-ai in chamber prior to test and formaldel

and

rest

yde

test

yde
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Conversion factors for formaldehyde, standard solutions,

calibration curve

A.1 General

Table A.1 is based on the Berge et alll0] formula to correct formaldehyde concentrationg in air for
tenfperature:
C=Cyxe RV/t1/00) (A1)
or
—-R(1/t-1/t
¢, =c;R1/e=1/t) (A2)
where
C isthe test formaldehyde concentration level§
Co isthe corrected formaldehyde concentration level;
e isthe natural log base;
R s the coefficient of temperature’' (9 799);
t istheactual temperature, in Kelvin, K;
to isthe corrected temperature, in Kelvin, K.
Table A.1 — Temperature conversion
To convert to To cpnvert to
Actual 25 °C (77 °F) Actual 25 °C (77 °F)
multiple by multiply by
OC (OF) OC (OF)
22,2 (72) 1,36 25,3 (77,5) 0,97
225 7253 132 25:6 83 0,94
22,8 (73) 1,28 25,8 (78,5) 091
23,1 (73,5) 1,24 26,1 (79) 0,89
23,3 (74) 1,20 26,4 (79,5) 0,86
23,6 (74,5) 1,17 26,7 (80) 0,83
23,9 (75) 1,13 26,9 (80,5) 0,81
24,2 (75,5) 1,10 27,2 (81) 0,78
NOTE The Berge et al. formula is an exponential function. The greater the variance between actual and corrected
temperature, the greater the potential error. Two horizontal lines within the table delineate the specified test temperature
ranges (25 + 1) °C (77 £ 2) °F.

© ISO 2018 - All rights reserved
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ranges (25 4

Table A.1 (continued)
To convert to To convert to
Actual 25°C (77 °F) Actual 25°C (77 °F)
multiple by multiply by
OC (OF) OC (OF)
24,4 (76) 1,06 27,5 (81,5) 0,76
24,7 (76,5) 1,03 27,8 (82) 0,74
25,0 (77) 1,00
NOTE The Berge et al. formula is an exponential function. The greater the variance between actual and corrected
temperaturg, the greater the potential error. Two horizontal lines within the table delineate the specified test tempegsafure

1)°C (77 £ 2) °F.

A.2 Reljtive humidity conversion factors for formaldehyde
A.2.1 Befge et al. formula
Table A.2 i$ based on the Berge et al. formula to correct formaldehyde concentrations in air for relative
humidity:
C=Co[1+A(H-Hy)] (h.3)
or
C
Co=—F—F""= A4
O 1} a(H-Hy) 4
where
C isthe test formaldehyde concentrationevel;
Co 1is the corrected formaldehyde ¢oncentration level;
is the coefficient of humidity-(0,017 5);
H is the actual relative humidity in %;
Hp is the relative humidity, in %.
Table'A.2 — Relative humidity conversion table for formaldehyde
. ‘1. To convert to 50 % . Lo To convert to 50 %
Actual rel aglve humidity relative humidity Actual rela?ve humidity relative humidity
Aj multinlv by A) multinly by
©rJ J Ll J
46 1,08 51 0,98
47 1,06 52 0,97
48 1,04 53 0,95
49 1,02 54 0,93
50 1,00
10 © ISO 2018 - All rights reserved
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A.2.2 WKI calculation models

A.2.2.1 General

The calculation models are based on a reference climate of 23 °C and 45 % relative humidity, an air
exchange of 1/h and a loading rate of 1 m2/m3.

A.2.2.2 Linear model

The linear model according to Formula (A.5) is applicable to a range of relative humidity from 30 %
to JU ™%

1

C=0,005 55~(Creference +0,008)-(T—12,7)~(RH—1,2)m (A.5)
where
C is the chamber value in ppm;

Creference 1S the chamber value (at 23 °C, 45 %, N =1, L = 1) in ppm;

T is the temperature in °C;
RH is the relative humidity in %;
N is the air exchange per h;

is loading rate in m2/ms3.

A.212.3 Exponential model

The exponential model according to Formula (A.6) is applicable to a range of relative hunjidity from
30 %o to 80 %:

0,0403*RH) 1

- : (T (el ot
€=0,0366Ceference (T 13,15) e +2,073 1+2,07°N/L (A.6)
whére
Cc isthe’chamber value in ppm;

Creference. \71s the chamber value (at 23°C, 45%, N=1, L=1) in ppm;

T is the temperature in °C;
RH is the relative humidity in %;
N is the air exchange per h;

is loading rate in m2/ms3.

A.3 Standard solution A and B
A.3.1 Standardization of Formaldehyde Standard Solution A (1,0 mg/mL)
A.3.1.1 Pipet 2,70 mL of 37,0 % formaldehyde solution into a 1 L volumetric flask. Dilute to mark with

freshly distilled water and mix well. This solution is stable for at least one month.
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A3.12 C

alibrate the pH meter with standard buffer solution of pH 9,0.

A.3.1.3 Pipet two 50 mL aliquots of formaldehyde standard Solution A into two 150 mL beakers for
duplicate analysis and add 20 mL of 1 M sodium sulfite (NazS03) to each beaker. Sodium sulfite solution
can age, thus the 1 M sodium sulfite solution should be adjusted to a 9,5 pH before adding to standard
Solution A aliquots.

A.3.1.4 Place solution on magnetic stirrer. Immerse pH electrodes into the solution and carefully
titrate with 0,100 N hydrochloric acid (HCI) to the original pH of the solution. Record volume of HCl and
corresponding pH intermittently. Make a graph of pH versus volume of HCL.

A.3.1.5 (C
as follows:

alculate the concentration, Cy, of formaldehyde standard Solution A in milligrams permillil

xNx30,03(mg per milliequivalent)

Ca

where

vV 0]

SO(ml)

00 N HCl required at pH of 9,5 from the graph prepared in A.3.034, ml;

N normality of HCIL. The concentration of standard Solution Awill be the average of the two

an

A.3.2 Std

A.3.2.1 P
sodium bis
for at least

A.3.2.2 (C
millilitre ag

Cp

alyses conducted.

ndard Solution B

repare formaldehyde standard Solution B bydiluting 1 mL of standard solution A and 1
ulfite (NaHSO3) to 100 mL in a volumetrie'flask using distilled water. This standard is st
one week.

alculate the concentration of formaldehyde Cp in standard Solution B in micrograms
follows:

L x1000x1 ml

100

A.3.2.3 Record the value.

A.4 Cali

A4.1 Prg

bration curve

pafe.a 1 % sodium bisulfite (NaHSO3) solution by dissolving 1 g of NaHSO3 in a 100

volumetric

itre

\.7)

o of
hble

per

\.8)

ml

flask and diluting to the mark with distilled water. This solution is stable at room tempera

ure

and should be prepared on a weekly basis.

A.4.2 Label six 16 mm by 150 mm screwcapped test tubes 1, 2, 3, 4, 5, and 6.

12
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