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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standard

s 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

CommissiT (IEC) on all matters of electrotechnical standardization.
Internationgl Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part

Draft International Standards adopted by the technical committees are circulated to the member bod
Publication|as an International Standard requires approval by at least 75 % of the member’bodies cas

Attention ig drawn to the possibility that some of the elements of this International”Standard may be
patent rights. ISO shall not be held responsible for identifying any or all such patent rights.

Internationgl Standard 1SO 4389 was prepared by Technical Committee 1ISO/TC 126, Tobacco
products.

This third gdition cancels and replaces the second edition (ISO 4389:1997). As a result of extensive
the scope |of this edition has been extended to tobacco preducts. Technical Corrigendum 1:19
included.

Annexes Aland B of this International Standard are for information only.

B.

ies for voting.
ting a vote.

the subject of

and tobacco

examination,
98 has been
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Tobacco and tobacco products — Determination of organochlorine

pestici

de residues — Gas chromatographic method
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htional Standard specifies a method for the gas chromatographic determinatiopef pesticige residues in

Db, manufactured tobacco and tobacco products.

d is applicable to the determination of the organochlorine pesticides Jisted in Table 1. T
recommended for determination of the substances within the detection.limits listed in Tablg

'he method has been demonstrated to be free from errors that<may arise from interfering
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3 Princip

le

The pesticide residues from a dried and milled sample, mixed with Florisil®1), are extracted by n-hexane in a
special Soxhlet extractor. They are determined without any further clean-up with a gas chromatographic apparatus
equipped with an electron-capture detector.

4 Reagents

All reagents shall be suitable for pesticide residue analysis. All solvents shall be checked for purity before use by
carrying out a blank determination using exactly the same procedure (extraction and gas chromatography) as used

for the test sg
that could intg

4.1 Water,|degassed, in accordance with at least grade 2 of ISO 3696.

4.2 n-Hexgne.

4.3 Toluenle.

4.4 Referepce substances: certified reference materials of minimum purity 95 % (mass fract

substances lis

NOTE trang
this method, i
by a method 5

4.5 Interng

Use Mirex,? gn obsolete pesticide which has been superseded (see reference [2]).

NOTE Mi
Weigh, to the
(4.2).
4.6 Interna
Pipette 5 ml ¢
n-hexane (4.3

between 0 °C
least 6 month

mple. The chromatogram obtained from the solvents shall have a baseline without notice
rfere with those from the pesticide residues being determined.

ted in Table 1.

-Chlordane is used as an indicator for chlordane (technical mixture). If a-endosulfan is ¢
is advisable to determine residues of the sum of a-endoesulfan, p-endosulfan and endosy
uitable for such determinations.

| standard stock solution

ex is a generic name for dodecachloropentacyclo[5.2.1.02:6.03.9.05.8]decane.

nearest 0,000 1 g, 0,02 g of Mirex into a 100 ml volumetric flask. Dilute to the mark wit

| standard solution

f the internal stahdard stock solution (4.5) into a 200 ml volumetric flask and dilute to thq
) to give a solutien containing approximately 5 ug/ml of Mirex. Store the internal standard
and +4 °Ctand exclude light. Under these conditions the internal standard solution is s

5.

able peaks

on) of the

etected by
Ifan sulfate

N n-hexane

b mark with
solution at
table for at

1

this International Standard and does not constitute an endorsement by ISO of this product.

2)

International Standard and does not constitute an endorsement by ISO of this product.
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Table 1 — List of suitable pesticides with detection limits

Common name Detection limit
Substance

(ISO 1750) H9/g
Aldrin aldrin 0,02
trans-Chlordane chlordane 0,02
p,p'-DDE — 0,02
0,p'-DDT — 0,04
p,p-DDT DDT 0,06
Dielgirin dieldrin 0,02
oc-Erldosquan endosulfan 0,03
HCH hexachlorobenzene 0,02
a-HCH HCH
or or 0,02
o-BHC BHC
B-HCH HCH
or or 0,02
B-BHIC BHC
y-HQH gamma-HCH
or (lindane) or 0,01
v-BHC gamma-BHE
3-HCH HCH
or or 0,02
3-BHIC BHC
Hepgachlor heptachlor 0,02
Heptachlor epoxide — 0,02
o,p'{TDE
or — 0,03
0,pDDD
p.p'{TDE
or TDE 0,02
p,p'ODD
o,p'-PDE — 0,03

4.7 Standardpesticidesotutions

Store all pesticide solutions at between 0 °C and +4 °C and exclude light. Under these conditions the solutions are
stable for at least 6 months.

4.7.1 Individual standard stock solutions

Weigh, to the nearest 0,0001g, 0,02g of each pesticide reference substance (4.4) into individual 100 ml
volumetric flasks. Dilute to the mark with n-hexane (4.2) to give individual standard stock solutions containing
approximately 200 ug/ml of the individual pesticide.

In the case of B-HCH, the standard stock solution should be made by dissolving the pesticide in toluene (4.3)

because of reduced solubility in n-hexane.

© 1S0O 2000 -
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4.7.2

Mixed stock solution A

Pipette 5 ml of each individual standard stock solution (4.7.1) into a single 200 ml volumetric flask and dilute to the
mark with n-hexane (4.2) [or toluene (4.3) for B-HCH] to give a solution containing approximately 5 ug/ml of each

pesticide.

4.7.3

Mixed stock solution B

Pipette 1 ml of mixed stock solution A (4.7.2) into a 10 ml volumetric flask and dilute to the mark with n-hexane

(4.2) to give a

4.7.4 Stan

solution containing approximately 0,5 ng/ml of each pesticide.

ard
oo

Pipette 1 ml
volumetric fla:
each pesticids

4.8 Florisil

NOTE Flo
corresponds to

48.1 Thed(
must be suffig
be eluted. Th
verification te

4.8.2 Heat
550 °C. Allow
Add 5 ml of w
the Florisil®
described in 4

4.8.3 The activity level of the Florisil® is ehécked by the extraction of dieldrin from n-hexane sg
have a concentration equivalent to that of an extract from tobacco containing 1,0 pg/g of this

solution shall
pesticide. The

The activity o

5 Apparatus

It is essential
stopcock grea
comply with ¢

of both the mixed stock solution A (4.7.2) and the internal standard solution (4®)-int
5k and dilute to the mark with n-hexane (4.2) to give a solution containing approximately O,
e and internal standard.

(®, 150 pm to 250 pm.

a mesh size range designated as 60 mesh to 100 mesh.

uality of the Florisil® is one of the most critical features of thejytest method. The activity of t
ient to retain impurities present in the extract from the sample while allowing the pesticide
e Florisil® shall first be pre-treated as described in 4.8:2.,0nly Florisil® that passes the
5t described in 4.8.3 shall be used.

sufficient Florisil® for the verification test for atteast 5 h in a quartz crucible in a muffle
the Florisil® to cool in a desiccator that contaifis no desiccant and transfer to a round-b
ater (4.1) for every 100 g of Florisil®. Mix-thoroughly in a rotating flask for approximately
o equilibrate by storing in a tightly closed glass container for at least 48 h before pro
.8.3.

activity level of the pretreated Florisil® is correct if the recovery of dieldrin is better than 9

the Florisil® shall be ehecked each time a new portion is prepared.

to cleansall glassware very thoroughly before use and to avoid the use of plastics con
1se,cotherwise impurities may be introduced into the solvents. All volumetric flasks and pi
ass A of ISO 1042 and class A of ISO 648 respectively.

b a 100 ml
05 ug/ml of

[isil® is a special, selected variety of magnesium silicate. The nominal @perture size of 150 pm to 250 pm

he Florisil®
residues to
subsequent

furnace at
bttom flask.
1 h. Allow
ceeding as

lution. The

b %0.

ainers and
bettes shall

Usual laboratory apparatus and the following items.

5.1 Rotary evaporator.

5.2 Tobacco mill, with 2 mm mesh.

5.3 Oven, with ventilation.

5.4 Muffle furnace.

5.5 Heating mantles.
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5.6 Soxhlet extractor, for continuous extraction (see Figure 1).

U/

I/

Key
1  Tobacdo + Flofisil®
2 Florisil

3 Filter diskporosity 1

NOTE Distillation rate 200 mi/h.

Figure 1 — Apparatus used for tobacco extraction

5.7 Reflux condenser.
5.8 Desiccator.

5.9 Quartz crucible.
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5.10 Gas chromatograph

Operate the gas chromatograph in accordance with the manufacturer's instructions. The injection port, oven and

detector shall

each be equipped with a separate heating unit.

The following conditions have been found to be satisfactory on a particular make of instrument and are given for

guidance. If other conditions are used they should be validated prior to use.

a) Temperatures

The injection port temperature shall be between 180 °C and 210 °C. The detector temperature shall be

290 °C and 340 °C_If any other conditions are used they shall he sufficient to achieve satisfactory

separatign of all components and similar to that given in the specimen chromatogram (see Figorg A.1 for an

between
example)l A suitable temperature programme is
— initia) temperature 40 °C
— initiaJ time 2 min
— temperature profile 1 20 °C/min from 40 °C to 150 °C
— temperature profile 2 3 °C/min from 150 °C to 270 °C
— finalftime 15 min at 270 °C
— total|GC run time 62,5 min
b) Gas flow|rates
Gas flow
experien¢e. Suitable gas flow conditions are
— carrier gas helium, 4 ml/min
— make-up gas nitrogen, 30\ml/min
— septum purge 5 mifmin
— split vent 30'ml/min
c) Injection mode
Use 2 ul plitlesscwith split valve closed for 1 min after injection.
5.10.1 Injectfiomdevice

rates should be set according to the~jnstrument manufacturer's guidance and the analyst's

Use an automated injector or any suitable alternative means of injection.

For manual injection, the use of a microsyringe capable of injecting 1 pl to 5 ul portions is recommended. Before
solutions are injected with the syringe, rinse it at least ten times with n-hexane then five times with the solution.

After injection

, rinse the syringe five times with n-hexane.

© 1SO 2000 — All rights reserved
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5.10.2 Column

A fused silica capillary column of length 30 m and of internal diameter 0,32 mm is recommended; stationary phase
DB-53 (5 % methyl phenyl silicone); thickness of the stationary phase 0,25 um. The performance of the column
should be sufficient to achieve satisfactory separation of all components and similar to that given in the specimen
chromatogram (see Figure A.1 for an example).

5.10.3 Detector

An electron-capture detector shall be used with a sensitivity sufficient to detect (twice baseline noise) a 2 pl
injection of a 0,001 5 ug/ml solution of p,p “DDT.

6 Sampling and preparation of test sample

6.1 Sampling

Sample thg tobacco in accordance with ISO 4874 or all the cigarettes in accordance_with 1ISO 8243. Pay particular
attention tol ensuring that the test sample is representative of the product as recgeived.

6.2 Preparation of test sample

Dry the tobacco in the oven (5.3) set at 50 °C for 2 h to obtain axnmass fraction of moisture of approximately
5 % after dfying.

Grind the tpbacco through a 2 mm mesh (5.2), taking care to*avoid heating above 50 °C. Alternatively the tobacco
may be received in a milled form in which case ensure that the mass fraction of moisture is less than 10 %.

Store the tpbacco in sealed containers and exclude dight. If samples are kept for longer than one month prior to
analysis, they shall be stored in a freezer at a temperature below — 8 °C.

7 Procedure

7.1 Testiportion

Weigh, to the nearest 0,01 g, 5¢/tobacco test portions into 50 ml beakers. Add 5 g of pretreated Flor|sil® (4.8) and
mix thoroughly. Carry out the procedures described in 7.2 and 7.3.

7.2 Extrpction

Add 5 g of| pretreated Florisil® (4.8) to a Soxhlet extractor. Transfer the test portion as prepared [n 7.1 without
mixing so that two separate layers are formed.

For recovery determinations, appropriate pesticide standard solutions should be added at this stage, by means of a
pipette, to the top of the test portion layer.

Transfer 60 ml of the n-hexane (4.2) and 1 ml of the internal standard solution (4.6) to a suitable round-bottom flask
of capacity 150 ml to 250 ml.

Assemble the extraction apparatus, ensuring good seals at all joints, and turn on the heating mantles (5.5).

3) DB-5 is an example of a suitable product available commercially. This information is given for the convenience of users of this
International Standard and does not constitute an endorsement by 1SO of this product.
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Regulate the heating element and the tap on the Soxhlet extractor to give a distillation rate of at least 200 ml per
hour. The level of n-hexane above the tobacco shall be kept constant by adjusting the tap on the Soxhlet extractor.
Do not allow the round-bottom flask to become dry. Total extraction time is 4 h 30 min.

After extraction, allow to cool for at least 30 min and take an aliquot portion of the extract for analysis by gas
chromatography. No volumetric adjustment is made.

7.3 Linearity

Pipette aliquot portions of 10 ml, 5ml and 1 ml of mixed stock solution A (4.7.2) into three individual 100 ml
volumetric flasks. Add 1 mI of the |nternal standard solutlon (4 6) to each volumetrlc ﬂask and dllute to the mark

with n-hexanq
flasks of cap
flask and 2 n
n-hexane. Th
0,005 pg/ml a

These solutio

checked whe
circuitry.

7.4 Calibr

If the detecto
the standard

7.5 Gas ch
Set up the ga
triplicate injeg
by more than
calibration so

Specimen ch
A2

8 Expres
The amounts

The response

| of the internal standard solution to the 200 ml volumetric flask. Dilute both up_fo,the
s procedure provides pesticide concentrations of approximately 0,5 pg/ml, 0,25 ug/ml,
nd 0,002 5 pg/ml.

hs shall be used to check the linearity of the electron-capture detector response. This ng
N using a detector for the first time, or after any servicing of the detéctor or associateq

htion

response was found to be linear, a single-level calibration-may be used. For single-level
alibration solution (4.7.4) should be used.

romatography
5 chromatograph (5.10) and equilibrate the system. Check that reproducible results are ob

+ 5 %. Carry out duplicate injectionscof each sample bracketed by single injections of th
ution and calculate the mean valugs.

omatograms of the standard«calibration solution and a tobacco extract are given in Figu

sion of results
of pesticides‘are determined by the internal standard method.

factorEp, for the respective pesticide is given by the equation

- v al volumetric
C|t|es 100 ml and 200 ml. Add 1 ml of the |nternal standard solutlon (4. 6) to the 100 ml

volumetric
mark with
0,05 pg/ml,

ed only be
electronic

calibration,

fained from

tions of the standard calibration solution (4:7.4). The single value shall not differ from the mean value

e standard

es A.1 and

CIOSt Ast
'%st Gist
where
Apst is the peak area or the peak height of the respective pesticide in the standard calibration solution
(4.7.4);
Aist  is the peak area or the peak height of the internal standard (Mirex) in the standard calibration solution;
8 ©1S0 2000 — All r
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is the concentration, in micrograms per millilitre, of the respective pesticide in the standard calibration

solution;

is the concentration, in micrograms per millilitre, of the internal standard solution in
calibration solution.

the standard

The content, Ry, of the respective pesticide residue, expressed in micrograms per gram of dried tobacco, is given by

the equatio

R

n

 ApEp Qg 1100

9 Repe

Details of g

10 Test

The test re
shall indica
conditions
may have i

The report

i the peak area or peak height for the respective pesticide in the sample extract(7-2);
i$ the peak area or peak height for the internal standard in the sample extraet,

i§ the quantity of internal standard added to the extraction solution, in*micrograms (approxin
i the mass of the tobacco test portion (7.1), in grams;

i the mass fraction of moisture of dried tobacco (6.2), as a.percentage.

P A.m- (100 —w)

atability, reproducibility and recovery.

collaborative study on the precision of the,méthod are given in annex B.

report

port shall show the method-used and the results obtained, in micrograms per gram of dri
te the amounts of each of-the individual pesticide residues identified. It shall also mention

hfluenced the results:

Shall include alidetails required for complete identification of the sample.

hately 5 ug);

ed tobacco. It
any operating

hot specified in this International Standard or regarded as optional, as well as any circumstances that
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Annex A
(informative)

Examples of chromatograms
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Key
1 o-HCH 10 o,p-DDE
2 HCB 11 o-Endosulfan
3  B-HCH 12 Dieldrin
4  y-HCH 13 p,p-DDE
5 §-HCH 14 o,p-DDD
6  Heptachlor 15 p,p'-DDD
7  Aldrin 16 o,p'-DDT
8  Heptachlor epoxide 17 p,p'-DDT
9 trans-Chlordane 18 Mirex

Figure A.1 — Chromatogram of standard calibration solution containing 0,05 pg/ml of each pesticide
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Figure A.2 =\ €hromatogram of a blank tobacco sample
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Annex B
(informative)

Results of interlaboratory tests

In a collaborative study involving 12 laboratories and samples with four spiking levels (F1, F», F3, F4), the values
given in Table B.1 for mean recovery (Rec), standard deviation of repeatability () and standard deviation of
reproducibility (sg) were obtained.

Each laboratqry investigated two samples at each spiking level. As each sample was determined-in_du

represents a
of results, se

Apart from the 17 pesticides mentioned in Table B.2, the possible analysis of endrin_and B-endosulfa

investigated
analysed by t

12

tal of 48 determinations per pesticide at each level. For further details about the statistica
reference [3].

y the joint experiment. Results given in reference [3] show that these /two pesticides
he method.

plicate, this
evaluation

n was also
cannot be
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