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Analytical Method of Methoprene in Foods Using HPLC
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We studied the determination of methoprene in foods by high-performance liquid chromatog-
raphy (HPLC). The sample was extracted with acetonitrile and the extract was salted out by
adding sodium chloride, allowing the acetonitrile layer to separate. The acetonitrile solution was
washed with hexane saturated with acetonitrile, cleaned up on a Florisil column and determined
by HPLC. The recovery of methoprene from spiked samples was 74.6-82.8%. In an evaluation of
this method by 6 analytical laboratories, mean recoveries from spiked samples ranged from 79.4%
to 84.6%. Repeatability relative standard deviation values were 2.3-8.8% and reproducibility
relative standard deviation values were 8.8-23.6%. The detection limits were 0.001-0.02 zg/g and
below the detection limit of the Notified Analytical Method.
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Fig. 1. Structure of methoprene
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Table 1. Recoveries of Spiked Methoprene from Foods

Recovery, %*
Sample
1 2 3 Mean=®RSD, %
Wheat 82.1 719 76.3 76.3+6.7
Barley 77.0 79.9 75.6 77.0+238
Corn 74.0 78.1 77.0 770238
Buckwheat 73.6 79.4 845 79.4%69
Brown rice 828 90.3 826 82.8+5.3
Peanut 77.3 722 74.6 74.6+34
Mushroom 79.2 86.8 81.8 81.8+4.7

2 Samples were spiked with 0.2 yg/g of methoprene.
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Fig. 2. HPLC chromatograms of (A) methoprene standard (1 zug/mL), (B) brown rice fortified with methoprene (0.2 #g/g),

(C) blank brown rice
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Fig. 3. GC/MS (SIM) chromatograms of (A) methoprene standard (1 ug/mL), (B) brown rice fortified with methoprene (0.2

uz8/g). (C) blank brown rice

Table 2. Interlaboratory Trial Results of Recovery Test Conducted by 6 Laboratories
Recovery, %2
Laboratory Brown rice Wheat Buckwheat Peanut Mushroom
1 2 1 2 1 2 1 2 1 2
A 71.6 723 69.6 936 770 70.6 74.1 711 778 74.2
B 854 829 86.6 824 95.0 95.6 74.0 71.4 859 90.6
C 81.1 814 76.0 746 804 78.9 729 74.0 72.4 75.9
D 839 773 76.8 813 81.0 80.7 73.5 72.0 79.5 78.5
E 78.0 86.5 86.6 84.3 77.2 731 69.4 65.7 87.8 93.2
F 100.0 94.0 85.0 88.0 67.5 81.5 1159 118.7 95.2 103.6
Mean 82.9 82.1 79.9 79.4 84.6
Repeatability (RSD,, %) 4.4 8.8 5.8 2.3 4.2
" Reproducibility (RSDg, %) 10.3 8.8 10.9 23.6 12.0
HORRAT value® 0.52 0.44 0.55 1.18 0.60

2 Samples were spiked with 0.2 #g/g of methoprene.

b HORRAT values are the observed RSDg, %/RSDgr. % calculated from the Horwitz equation, RSDg, % =2C 01505 C=the

estimated concentration.
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Abstract

A simple and highly sensitive method called stir bar sorptive extraction (SBSE) and thermal desorption (TD)-gas chromatography-mass spectrom-
etry (GC-MS), which is used for the determination of trace amounts of benzophenone (BP) and its derivatives, 2-hydroxy-4-methoxybenzophenone
(BP-3) and 2-hydroxy-4-methoxy-4'-methylbenzophenone (BP-10), in river water samples, is described. A stir bar coated with polydimethylsilox-
ane (PDMS) is added to a 10 ml water sample and stirring is carried out for 120 min at room temperature (25 °C) in a vial. Then, the PDMS stir
bar is subjected to TD-GC-MS. The detection limit is 0.5-1pgmi~" for BPs. The method shows good linearity and the correlation coefficients
are higher than 0.997 for all the analytes. The average recoveries of the BPs are equal to or higher than 98.5% (R.8.D.: 1.5-5.1%). This simple,

accurate, sensitive and selective analytical method may be used in the determination of trace amounts of BPs in river water samples.

© 2005 Elsevier B.V. All rights reserved.

Keywords: Benzophenone; Water sample; Stir bar sorptive extraction (SBSE); Thermal desorption (TD); Gas chromatography-mass spectrometry (GC-MS)

1. Introduction

Benzophenone (BP) and its derivatives are the most com-
monly used sunscreen agents in cosmetics. However, various
studies have revealed the estrogenic activity of BPs [1-3]. There-
fore, BPs are considered to be endocrine disrupting chemicals
(EDCs). To evaluate the potential risks of BPs, their determi-
nation requires highly sensitive and reliable methods. In the
present study, we focused on the combined determination of BP,
2-hydroxy-4-methoxybenzophenone (oxybenzone, BP-3) and
2-hydroxy-4-methoxy-4'-methylbenzophenone (BP-10).

* Cormresponding author. Tel.: +81 3 5498 5763; fax: +81 3 5498 5062.
E-mail address: nakazawa@hoshi.ac.jp (H. Nakazawa).

0003-2670/% — see front matter © 2005 Elsevier B.V. All rights reserved.
doi:10.1016/j.aca.2005.08.087

Several analytical methods for the determination of BPs in
water and cosmetic samples have been reported, including liquid
chromatography (LC) with UV detection, diode array detec-
tion (DAD) and mass spectrometry (MS) [4-8). However, LC
has low resolution and is frequently affected by the sample
matrix. On the other hand, gas chromatography-mass spectrom-
etry (GC-MS) was initially used for the determination of BPs
[8-111.

Such sample preparation as online continuous liquid-liquid
extraction (LLE) {9] and solid-phase extraction (SPE) [7,8}
have been developed for the determination of BPs. However,
LLE requires large volumes of organic solvents and additional
concentration steps. On the other hand, although SPE requires
small volumes of organic solvents, the manual version is tedious
and time-consuming. Recently, solid—phase micro extraction
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(SPME) has been successfully used for the determination of
BPs in water and urine samples [10,11]. However, the sen-
sitivity of the above methods remains low. Because SPME
with polydimethylsiloxane (PDMS) is by nature an equilibra-
tion technique that is based on the partitioning of an ana-
lyte between the stationary phase and the aqueous sample,
thé enrichment is dependent on the distribution coefficients
of the analyte in the two phases. Therefore, the water/PDMS
phase ratio is very important for sorptive extraction. The lim-
ited enrichment on the SPME fiber is mainly due to the volume
of the PDMS phase (typically 0.5pl or less), and increas-
ing the volume of PDMS relative to the aqueous matrix is
expected to markedly increase the enrichment of the analyte.
Recently, a new sorptive extraction technique that uses a stir
bar coated with PDMS was developed [12] and is known
as stir bar sorptive extraction (SBSE). Its main advantages
are high sensitivity and wide application range that includes
volatile aromatics, halogenated solvents, polycyclic aromatic
hydrocarbons (PAHs), polychlorinated biphenyls (PCBs), pesti-
cides, preservatives, odor compounds and organotin compounds
[12-18]. In addition, we have reported the determination of
several EDCs in water samples and human biological samples
[19-26].

The aim of this study was to determine trace amounts of BPs
in water samples by the SBSE and TD-GC-MS method, which
is simple, accurate and highly sensitive. The developed method
was applied to river water samples.

2. Experimental
2.1. Materials and reagents

Benzophenone (BP) of environmental analytical grade and
BP-d,0 as intemnal standard were purchased from Kanto Chem-
ical Inc. (Tokyo, Japan). 2-Hydroxy-4-methoxybenzophenone
(oxybenzone, BP-3) was purchased from Sigma-Aldrich
Co. (St. Louis, MO, USA). 2-Hydroxy-4-methoxy-4’'-
methylbenzophenone (BP-10) was purchased from Lancaster
Synthesis (Morecambe, England). The chemical structures are
shown in Fig. 1. The other reagents were purchased from Wako
Pure Chemical Inc. (Osaka, Japan). The water purification
system used was a Milli-Q gradient A 10 with an EDS polisher
(Millipore, Bedford, MA, USA).

Stock solutions (1.0 pgml™!) of BP, BP-3 and BP-10 stan-
dards were prepared by methanol. More than six-point cal-
ibrations (2, 5, 10, 20, 50, 100, 200, 500, 1000, 2000 and
5000 pg ml~!) were prepared by the addition of purified water

o] OH Q
T0_C
BP BP-3

®

and performed daily for all samples with the internal standards
by using the SBSE method.

2.2. Instrumentation

TD was performed with a Gerstel TDS 2 thermodesorp-
tion system equipped with a Gerstel TDS A autosampler and
a Gerstel Cooled Injection System (CIS) 4 programmable tem-
perature vaporization (PTV) inlet. GC-MS was performed with
an Agilent 68950N gas chromatograph equipped with a 5973N
mass-selective detector with an ultra ion source (Agilent Tech-
nologies).

Stir bars coated with a 0.5 mm-thick PDMS layer (24 pl;
Twister ™: a magnetic stirring rod is placed inside a glass jacket
and coated with PDMS) were obtained from Gerstel (Miilheim
an der Ruhr, Germany). The stir bars were conditioned for 1 h at
300°C in a flow of helium. Then, the stir bars were kept in new
2 ml vials until immediately prior to use. The stir bars could be
used more than 50 times with appropriate re-conditioning (the
stir bars were conditioned for 1 h at 300 °C in a flow of helium).
For the extraction, a 20 ml headspace vial from Agilent Tech-
nologies (Palo Alto, CA, USA) was used.

2.3. TD-GC-MS conditions

The TDS 2 temperature was programmed to increase from
20°C (held for 1 min) to 250 °C (held for 5 min) at 60°C min~!.
The desorbed compounds were cryofocused in the CIS 4 at
—150°C. After the desorption, the CIS 4 temperature was pro-
grammed to increase from —150 to 300°C (held for 10 min)
at 12°Cs~! to inject the trapped compounds into the analyti-
cal column. Once an analyte is trapped by means of temperature
control, the entire quantity is subjected to GC-MS. Injection was
performed in the solvent vent mode. The separations were con-
ducted on a DB-5ms fused silica column (30m x 0.25mm i.d.,
0.25 pm film thickness, J&W Scientific, Agilent Technologies).
The oven temperature was programmed to increase from 60 to
300 °C (held for 4 min) at 15 °Cmin~!. Helium was used as the
carrier gas at a flow rate of 1.2 ml min~!. The mass spectrometer
was operated in the selected ion-monitoring (SIM) mode with
electron ionization (ionization voltage: 70 eV).

2.4. Water samples
River water was sampled from two sites (points A and B) at

Tama River, Tokyo, Japan. All samples were stored at 4 °C prior
to use.

BP-10

H;CO

Fig. 1. Chemical structures of BPs.
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2.5. Sample preparation

A 10ml river water sample and an internal standard were
added into a 20 ml headspace vial. A stir bar was added and
the vial was crimped with a Teflon-coated silicone septum cap.
SBSE was performed at room temperature for 0—180 min while
stirring at 1000 rpm. After the extraction, the stir bar was easily
removed, rinsed with punfied water, dried with lint-free tissue
and placed inside a glass TD tube. The TD tube was placed
inside the TD system where the stir bar was thermally desorbed
and subjected to GC-MS thereafter.

3. Results and discussion
3.1. Theoretical recovery

Table 1 shows log Ko and the theoretical recoveries of the
compounds investigated in this work. The Ko values were
calculated with the log P predictor, which is available from Inter-
active Analysis Inc. (Bedford, MA, USA). Theoretical recovery
was calculated with the following equations:

Ko/w/:B _ 1

Theoretical recovery = 14 Kow/B ~ B/Kow + 1
w o/w

Table 1

log Koay and theoretical recoveries of BPs by SBSE

Compound log Kow® Theoretical recovery® (%)
BP 3.16 77.6

BP-3 3.79 93.7

BP-10 4.33 98.1

2 log Koay values for all compounds as calculated with “Interactive Analysis
log P predictor”, as well as calculated recoveries.
b Sample volume 10 ml; phase ratio f=417.
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—
-

1+e08 I

0 100 200 0 mz

Abundance 227
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12+l 151
1.0+¢06
0.8+¢06
0.6tel6
0.4+¢06 g

BP-3

0.2+¢02
N l .;I. J;k N

8 100 2000 . 30 m?%

where 8=V,/Vppms, Vppms being the volume of PDMS and
Vw the volume of water. The theoretical recoveries by SBSE
were calculated on the basis of a 10 ml sample volume and a stir
bar with a phase thickness of 500 pm (24 p1 of PDMS). Bicchi
et al. have reported on importance of. 8 [27]. An increase of 8
requires the decrease of recovery and long extraction time. The
B calculated from the condition used by present method was
417. Moreover, because the theoretical recoveries of the BPs
were equal to or higher than 77.6%, the extraction by SBSE was
considered to have high recovery.

3.2. Optimization of GC-MS conditions

In the mass analysis of standard solutions using electron
impactionization (EI)-MS, m/z 105, 227 and 241 were observed
as the main peaks of BP, BP-3 and BP-10, respectively. For the
internal standard, BP-d,¢, its main peak was detected at m/z 110
(Fig. 2). However, in the measurement of BP and BP-djg in
the river water sample, the monitoring ions at m/z 105 and 110,
respectively, could not be completely dissociated from the other
peaks and therefore, the monitoring ions were set at m/z 182 and
192, respectively.

3.3. Optimization of TD conditions

The important parameters affecting TD from the PDMS stir
bar were the TD temperature and the hold time. To optimize the
TD temperature and the hold time, 5 ngml ™! standard solutions
of the BPs were used. The TD temperature profiles (150-275 °C)
of the BPs in 10 ml standard solutions that were subjected to
SBSE were determined by TD-GC-MS when the TD hold time
was set at 5 min, and are shown in Fig. 3. The BPs were com-
pletely desorbed after the temperature reached approximately
250°C. On the other hand, the TD hold time profiles (0-~10 min)

Abundnnce
T+¢06
6+e06
§iel6
4+e06
3+e06
2+efi6
1+e08 1

110 BP-d,,

192

¢ 100 200 300 ok

Abundance 24§
0.8+¢06

0.7+ell6 151
0.6+e06
0.5+ch6
0.4+-¢06
0.3+e06
0.2+¢06
0.1+e06

o

BP-10

ad

200 300 s

Fig. 2. Mass spectra of BPs.
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Relative peak aren (%)

Thermal desorpfion temprrature °C)

Fig. 3. Optimum TD temperature for analysis of BPs by SBSE and TD-GC-
MS method. The optimum TD temperature was examined in the range of
150-275°C.

of the BPs in 10 ml standard solutions that were subjected to
SBSE were determined by TD-GC-MS when the TD tempera-
ture was set at 250 °C, and are shown in Fig. 4. The BPs were
completely desorbed after approximately 5 min. Therefore, the
optimum TD temperature and hold time were set at 250 °C and
5 min, respectively.

3.4. Optimization of SBSE conditions

One important parameter affecting SBSE was the extrac-
tion time. Moreover, it has been reported that the impact of
water/PDMS phase ratio, volume of PDMS, and sampling time
on recovery were important [27]. To optimize the extraction
time, 5ng ml~! standard solutions of the BPs were used. The
extraction time profiles (0—180 min) of the BPs in 10ml stan-
dard solutions that were subjected to SBSE were determined by
TD-GC-MS, and are shown in Fig. 5. The BPs reached equi-
librium after approximately 120 min. Therefore, this condition
was used for the determination of BPs in water samples.

3.5. Figures of merit of SBSE and TD-GC-MS for
determination of BPs '

The calculated detection limits (LODs) of the BPs were
0.5-1pgmi~! for SBSE and TD-GC-MS, with the signal to

5 100
8
5
3
a &
a W
K]
x
20
0 ] 3 1 1 3
o] 2 4 6 8 10 12

Thermal deserption hold time (min)

Fig. 4. Optimum TD hold time for analysis of BPs by SBSE and TD-GC-MS
method. The optimum TD hold time was examined in the range of 0~10 min.

100

Retative penk aren (%)
& & 8

N
<

o

Extraction time (min)

Fig. 5. Optimum extraction time for analysis of BPs by SBSE A PDMS-coated
stir bar was added to 10ml of standard solution (5.0ng ~') and stirring was
commenced for 0—180 min at room temperature (25°C) in a glass vial. The
PDMS stir bar was then subjected to TD-GC-MS.

noise (S/N) ratio being 3. In addition, the limits of quantifica-
tion (LOQs) of the BPs when S/N> 10 were 2-5pgml~!. The
method showed good linearity over the calibration range (2 or
5-5000 pg ml~!) and the correlation coefficients (r) were higher
than 0.997 for all the analytes. The figures of merit of the present
method are summarized in Table 2. A comparison of the present
SBSE method with the SPE [7,8] and SPME [10,11] methods
used in previous studies was performed. The SBSE method was
superior to the SPME method in terms of sensitivity. In addition,
the SBSE method was applicable to a small volume of sample
compared to the SPE method.

The recovery and precision of the method were assessed by
replicate analysis (n==6) of river water samples fortified at 100
and 1000 pgml~! levels. The non-spiked and spiked samples
were subjected to SBSE and TD-GC-MS. The recovery was
calculated by subtracting the results for the non-spiked samples
from those for the spiked samples. The results were obtained
by using calibration curves obtained from standard solutions
with the intemnal standard. The recovery and precision were
98.5-114.8% (R.S.D.: 1.5-5.1%) for the river water samples
(Table 3). Therefore, the method enables the precise determina-
tion of standards and may be applicable to the determination of
trace amounts of BPs in river water samples.

3.6. Determination of BPs in river water samples

A total of two river water samples were analyzed for BPs
using the present method and the results are shown in Table 4.

Table 2

Figures of merit of SBSE and TD-GC-MS

Compound LOD LOQ Range Correlation
(Peml™'y  (pgml™')®  (pgml”')  coefficient ()

BP 0.5 2 2-5000 0.999

BP-3 1 5 5-5000 0.998

BP-10 1 ) 5-5000 0.997

® LOD: limit of detection (S/N=3).
b LOQ: limit of quantification (S/N>10).
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Table 3 Table 4
Recoveries of BPs in river water samples Concentrations of BPs in river water samples
Compound  Amount spiked Compound River water {(pg ml)
100pg ml~} 1000 pgml—! A B
Recovery (%) RS.D.(%)* Recovery (%) R.S.D.(%) BP 22.8 21.0
BP 98.5 1.6 993 22 Bp3 129 8.9
y : ) : BP-10 .D. .D.
BP-3 110.0 42 1142 1.5 N ND
BP-10 114.8 5.1 1135 2.4 N.D. indicates not detected.

2 The recoveries and precision were also examined by replicate analysis (n = 6)

of river water samples.

the successful determination of trace amounts of BPs in the nver

In the Tama River water samples, 21.0-22.8pgmli~! BP and  Water sample. The BP levels in the river water samples were
8.9-12.9pgml~! BP-3 were detected by the present method.  very low and could not be quantitfied by SPME-GC-MS [10, 11].
On the other hand, BP-10 was not detected in all river water However, the combination of SBSE and the TD-GC-MS method
samples. Typical SIM chromatograms of the river water sample led to the successful determination of trace amounts of BPs in a
(point A) are shown in Fig. 6. SBSE and TD-GC-MS enabled ~ small volume of water sample (10 ml).
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Fig. 6. SIM chromatograms of BPs and internal standard in river water sample (A).
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4. Conclusions

The determination of trace amounts of BPs in river water
samples using SBSE and TD-GC-MS was described. The pro-
posed method has many practical advantages, including a small
sample volume (10ml) and simplicity of extraction; it is also
solvent-free and has high sensitivity. The detection limits for
BPs were of sub pgml~! level. In addition, the present method
showed good linearity and high correlation coefficients using
the intemal standard. The recovery was high (98.5-114.8%) and
the precision was good (R.S.D.: 1.5-5.1%) for the river water
samples fortified at 100 and 1000 pgml~! levels. This simple,
accurate and highly sensitive method is expected to have poten-
tial applications in various aqueous samples.
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Abstract

To ensure the reliability of the results obtained by the GMOs analytical methods, analysts must maintain and improve their technical
abilities. Moreover; it is very important to reveal the factors affecting the analytical results for technical improvements. In this study, a
laboratory-performance study was carried out to investigate factors affecting the analytical results obtained by the quantitative PCR
method to analyze the approved genetically modified maize (GA21 and MON810 lines). After examination of the homogeneity and
stability of the prepared test samples, the samples were provided to the 33 laboratories participating in this collaborative study. The
provided samples consist of two test materials, GA21L (including each GA21 and MON810 line in 1% concentration) and GA21H
(inéluding 5% GA21 and 1% MON&8I10 line). The data were collected from all the laboratories and statistically analyzed. In a few
laboratories which reported the error test values, the DNA quality was low or the yield was unstable. Furthermore, the value measured
for the taxon-specific gene was also unstable. These results suggest that technical improvement may be needed for these laboratories
regarding the DNA extraction and/or preparation step of the PCR reagents.
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genetically modified maize, polymerase chain reaction, testing method, laboratory-performance study
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WT.DNA R L 72,

5. EBPCR

LR 0628001 5 (FRI6ECH 28D ICEERDOEH =B
F L7z A 2 BV TMONSBI0RFSF RS E B E(MONS10
EEE).GAAZEHRNEEEGANIEEE)B & UCauli-
flower mosaic virus 358 7O £— ¥ —(CaMYEERE & 1.
M810-2F ) IX 7 LAF Ftvy F.GA21-34A Y TR 7 L F
F ¥ty FPISS1FVTXZLAFFEY FPOFRER
& by O a Y ONIEHRRIEF(Starch synthase 1b% I —
F¥ 5BIEF SSIb) 2 BIET 5 7-0HDSSNb-34+ ") TX 7 L
AFFEy PBIUFHFOXY) TV —-Y a3 R5 Y
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F—FERAGMIIEOIYTIAI FEy b 2EAE
b THWVAERPCREXERT %,

6. H— R

GA21L3B & UGA2IHD FNF NI L 60D /MF TR
HO10%I- YT 26EN/ TR TERAL T
DHABYEH L EMFTEE, 2D Py ET VR
KERESELIASTHEB N F 7y 7 E&EDmaxitE %
HAVCUDNA%ZHIE L7 B A% L HEDNAYEE
PCREZBITADNARERE L . FIT %17 o LoCaM,
MONS103 & UGA2IEZEN3IE T AV /- 2EBDE Y
ELEERTH o £ TCaM.MON810% 5 NIZGA21B AR
REHRLBONBARROY Y M EBR. —TERED
SEAFIC L BT L

7. REMRR

SHSEERTIZGA2ILE L 'GA2IHD & /NG T B 6
262N by EO I VRELFEFEL AR E 50628001
22212 BImEROminiEIZEVDNAR R LB . ER
PCREEV: & 2 54T % 4TV .CaM.MON810% 5 TFIZGA21R A
BEEH L2 LRERBCHAV NG ITRBER R
—0CTHEXBSBME LTRELE y AHIREL:
BICLEAROFELTHF LTV BARRER L RF
HETEONRBAEDOZINRFRIZOVWTETFRERIT
W ESHFEDR S NEAICESudent HRE ER SRR
o 7B A 113 Aspin-Welch HRTE 2 & 0 AT L 72,

8. SHEBRBICBIBIHBRIAF—L

ERRE062800153.2. 1. B[ Z&HEEBEAGM P 7 £
TR HBRE LI-EREPCRIICEBR STV 3 EEPCRE
35 H MONSWEERE EGA2IERZEIIFh EFhAtcT 5
GMF £ 0T RENAEBERBIIARTH-DDOHFE
Thr.onbiZF L. CAIMEERER KEHFEEHAGM +
RO I VRED D) LA RBEL R TRTOREIC
CaMEFIFEAENTVEZ 2L ThDFRFHEL X
HFIZONTALDDFETH S,

A —= v S RABERORS SO LRBATIR.FT
CaMEEHELGAIEREIZEI N . GM Yy E0 TV DEHK
FRULTHAWTHIEMFRAE IR TS, .CaMiBA
ZOHEWITERTHIREGRPIRL)ICIZ.GM 7 €T3
JOERLEVWRATRKIZFMT 5 B85 . CaMELF
DEABHIE/NTHOIMONSI0RHEF B LN A-AELRD
FAIERENTVSERDBN (X7 — =V FHRERIC
TVBONIFHERIIGM I T 0 REX R L %
WIBAREE 2B, DD FTDENISDERBLIGE
R ERHErHRELT.EGM I YT 02V RERENE
EPCREC X W METACGM Y 2o a Y ZEBEGORA
FERD THROEDSEBILL > THEEHRBEEEAGM L 7
EOIAYOBRABCOVTEEMICHET 5. EFKRBRIC
BUYARBAF—- AR BN S BAOEHIIETHA
B ENEVISDELAERLALUT. EBAX -4 %R
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(227 )—=v V8B L LT, GA2IL%: & FIZGA2IH?
LIENBETREL.DNATHE T A . MBI N/350
DNASUHIICR L .CaM % & FIZGA2IEEE X BV 7. HB
2V FRFRELH S I BAEOAEEE KD .20
HE GMMYEO IV (RHERRUETIDBAEN45%%
Bx-s8CBEL TR AEBENEERRE LTHIS
HOREPODNARHEL(A ) —= v /R BRLEEDE
TEHIE DB MONSIOZ b FIZGA2IEEE L AV /-
B ERT 5450 B2 HBIIBIFAGM Y ED O Y
B A IE . MONBI0% & NICGA2IBAEDAEE LT 5.]
3 AKBAF - LA RBY_ 27T APRICHEL

9. EBRDER

H—H 0D S N/-GA21L %2 & IZGA2IHO/MH T
BIXE FIATAAEKIZAEE. SHNERMICEMTL.
BB IE—20CTRET 2 X SR L REXARFIZE,
HESHEEYSUERESR. AT R 50628001 5 (JH# LR
LEEBRT 27TV RAZEB L b TIEARERIIOWVT
DHEFEFRAELEERERRNERE L

FEEB & LT .GMERBRELEIIOVWTOERE
# GMESEHREDHE . SENREER REXRRE
BIUEBEE SAIAOFE FEBRBOA-I—F
A L7-DNAMBE . EREFECEL TAETHE, LD
BES EARENT Y FER) T BRESKIIDIoT
HALRAESTAALHIRE L ARERIIDVTIE M
H & L7 DNA DR IEE (230,260,280 % & UM2320 nm) & X
B AEEEEY BV THERINRESOBE EHNDNA
EFOAEBI Y- BB IUERL ¥ RICEH EN7-GM
FYEOIVEBAEZFBRETALOE L. CNORES
EOERIZ K47 o TidThompson 5 12 X BEENZ 6 TR
Association of Official Analytical Chemists (AOAC) International
D=2 TMOREEI LI ERRBROEMH ML TR
165£1 8268, 5282883 TE L7,

10. EBRERORN Y 5 2R

Wk E N KBRER D I H.CaM,MONB103 & UFGA21
BAZEL S FIZFRGDEHBEIIDW T HEHBHKY 7
7 L 7 TUSE-QCASHR B R HELMBHERT) & B\ Tiet it
BTV . EEHAE.Z-A T 7 OEE .  Xbar-REEROE
BEiTo7 2B Z-AIT7HEHIZBVTREEROFTY
EXbarn) DT EEA L. - XbarD BB RFIILTY
+28.D.& L72(Z-A 2 7 O4EXHE2 1248 L) BEHRT D
oW TRABOBRED 2 BB L. ENEREIS
H|ESNBAROP BRI SRFEOB L 2 EH
ETh T HE . ERLHEBIMTAZ( 25708
B F—% -2 — = 7% T S 3SD.OGER 2B
AEBRAZRCOWTR DEOFHHRED BRI L,

GHBOER. EERALBIIRAENDDHLNT:
Bt FOBERICOVTEE L TR . 4H{E
CMAATEBCHT HREELEE L,
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n &R

1. EHOH—1%

GA2ILE & UGA2IHOH —~tE Iz oW THRE T 5720, %
HEHID 26X DA TR 1R IC,.CaM.MON810E &
UGAIEBEMEEEY AV . FhEh2m 0k & LE
EET ol SPMFIREISBON-HIEFICETEZE
&N BAEOFEEE KB 5CaM . MON810%
5 UICGA2LIB AN UL TDEN TH D GA2ILE MR &
L7354 .CaMiB A% 1.58% . MONSI0IBR A 1.67%.GA21
BAE 1.42%.GA2IH: R L L7234 . CaMiB AE:!
1.61% . MON810{E A5::1.85%.GA21{R A% :6.38%(Table 1),
I EAPHEA,CELNR/IZCaM MONBI0B S TF
GA21BAZE* 0Ty FERLAR . FNEFLEF—TEED

SRR IVERLER. WThoXHIEALTL.R
AZEOFHAZE Kk (p=0.05)% T - 7z (Table 2),

2. EHORER

HEAABPME LTEELAHBICIBVWT.HELL
—20CHEGTRE LI-BESORBOZERICOWTIRET
L7 b RE&EBHT TRET A ERGEERBRREEINE . H
15 AMRE L -GEBRTER) K . &hFTREeR L
£12CaM.MON810% & Ul GAIEBE X BV TaH *
FFolBREDHEIBONBABIEOVWTFRERT
W ESHAELS NS S I Sudent dRE EZ AL
Mol A 1T Aspin-WelchtBREIZE W BT L72HFR. K
B EEEORVEL THEKEp=00STHEELEZ
26 iz H o 7z(Table 3)

Table 1 Results of Homogeneity Study
Run 1 Run 2 Total

Method Sample Number of Amount R.S.D. Amount RS.D. Amount R.S.D.
measurements (%) (%) (%) (%) (%) (%)

CaM GA21L 6 1.72£0.17 10.0 1.43+0.09 6.0 1.58+0.20 12.7
GA21H 6 1.50£0.14 9.5 1.71£0.09 5.3 1.61 £0.16 9.8

MONS10 GA21L 6 1.58+0.14 10.5 1.76£0.10 5.7 167+0.14 8.5
GA21H 6 1.71£0.09 5.0 1.99+0.20 10.2 1.85+0.21 11.0

GA21 GA21L 6 1.35+0.10 1.8 1.42£0.38 20.6 142£0.21 14.6

- GA21H 6 6.68 +£0.20 3.0 6.08+0.17 2.8 6.38+£0.35 - 55

Data represent means £ S.D.

Table 2 Results of One-way Analysis of Variance on Homogeneity Study

Method Samples Source of variation df sS;L:Zr:z :::::e F lei:i;%‘; of F
Between samples 5 0.007 0.0014
ca GA21L Analytical 6 0,006 0.0043 0.3322 4.3874
GA2IH Between samples 5 0.005 0.0010 0.3469 43874
Analytical 6 0.017 0.0029
GA2IL Between samples 3 0.004 0.0009 0.4614 43874
MONS10 Analytical 6 0.011 0.0018
GA2IH Between samples 5 0.008 0.0016 0.5499 43874
Analytical 6 0.018 0.0029
GA2IL Between s.amples 5 0.024 0.0047 20464 43374
GA21 Analytical 6 0.014 0.0023
Between samples 5 0.001 0.0001
GA21H X 0.1173 4.3874
Analytical 6 0.007 0.0011
Table 3 Results of Stability Study
Method Samples Amount (%) F Critical value of F Student Aspin- Critical value of t
Before After (p=0.05) t Welcht (95% confidence level)
GA21L 1.91+022 1.961+0.23 1.145 5.050 0.386 2.228
CaM GA21H 1.90£0.09 1.88£0.15 2.867 5.050 0.355 2.228
MONS10 GA21L 1.70+0.19 1.78x0.15 1.687 5.050 0.791 2.228
GA21H 1.8420.12 1.74+0.05 5.706 5.050 1.922 2.365
GA2I GA21L 1.48£0.11 1.38+£0.18 2.883 5.050 1.262 2.228
GA21H 7.14£0.37 7.39%0.23 2.52 5.050 1.381 2.228

Data represent means £ S.D. (n=6)
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3. £ERBERDOEN
(1) DNAg

DNAMIHEDEVIZL ZDNANE BB I UER LD
50 EIZOWVTRIETA7:H.GA2IHA H R L 7:984E12
VT BB Y 5 i SN7-BEE T KEH L 72(Table
4) DNAFRHIEE L L TEBBEPBERI LIS VIRS
4 7% v b EminiE) % SEBEFCTABEXHRALTSE Y.,
AR RE0628001 2R E RN TV A3EODNATHEED I
LEIYAR=—AVI VI THy VEFFA L BEIE
ol cDNANEBIUFDIELDEEBITLER,
CTABE¥*#HA L :5HEBE0 I L BEsB LU . Fit%x
]RAL7-fb0348 THODNANE D FH +5.D.(2.62+0.59
s AR B EPICDNARENFREWI LHFBEL» L
ol REEEB*HEL-ERBESTREYZFL
Y a—-NMERBWIREREETNA L. EoBE3018
WTIRFEVFA XA EERAT A2 L 2EFRED
SOEBIBRE SN ThOoUEREIEETAZERETS

ALEZONTZ.F - miniZEZERA L7281 THODNAIX
BEOFH+SD.AE2285+771 pgTH h FEHISE bR
NHEHL - HFARKBREDIIBVTES N/ -DNAED
FHESD.(19.6516.11 pg)E FRETHI L EL LN,
5 I9BR AR TODNAEDITL D& 2DV T X hEARE
KT A2 L EMICHENEERERSDIIIOVTERL
LER EBEBETOES O ZOFHEMANICERE Sh:
PEIZT HRS.D.OFENA14.66%TH o =D L. 48
BLIBLIUTIITOIESED &2, £h #162.39.25.50,
4894% L K& RfEER LT,

(QBE I NI EARDOEEHRT
@1 F=%2-9U0—-z27 ,
EHBMTER SN -RBAEZR LRI 2B, BE X
NERAFEOFHLISD.AERE LTT—5-2)—=
FETo R BRSO OBME SN SBAR,S KL
BALAZEDHEL PR o7, I Dz M8 BAZC

Table 4 Quality and yield of DNA extracted using two DNA extraction methods

Ratio
Method Laboratory DNA (z g R.S.D. (%) 2 60mmy280mm 260nmy230nm

Silica-gel membrane 1 26.19£16.34 62.39 1.80£0.01 265120
2 27.191+1.38 5.08 1.82+0.02 1.91+0.06
3 18.51+3.74 20.21 1.87%0.02 1.77+0.08
4 2326+ 1.36 5.85 1.68+0.04 2.08£0.25
6 2396+1.74 7.26 1.67£0.10 2.05+0.17
7 1493+0.73 489 1.74+0.13 2.14+0.07
8 23.22+3.45 14.86 1.69+0.17 2.32+0.68
9 15.54+0.61 393 1.74%0.02 1.93+0.05
10 20.08+3.81 18.97 1.80+0.02 2.08£0.08
12 17.38+2.70 15.54 1.681+0.03 1.78+0.18
13 23.38+1.48 6.33 1.74+£0.02 227+0.21
14 19.37+1.32 6.81 1.794+0.04 2.22+0.08
16 18.4410.97 526 1.74£0.02 1.931+0.06
17 16.94+3.41 20.13 2.05+0.28 2.39+0.35
19 25.03+12.25 48.94 1.85+0.04 1.69+£0.18
20 23.01%1.28 5.56 1.77+£0.02 2.12+0.06
21 24.08+2.30 9.55 1.87+0.01 2401009
22 27.7712.84 10.23 1.80£0.09 1.45+0.36
23 23.90%0.57 2.38 1.86+0.01 2.20+0.12
24 4378+8.20 18.73 1.81£0.03 1.95+0.13
25 15.76 +3.33 21.13 1.90%0.12 1.89+0.98
26 22.19+3.63 16.36 1.80£0.00 2.28+0.06
27 31.84+5.91 18.56 1.81+0.02 2671042
28 24.68+2.01 8.14 1.78%£0.04 2.10+0.13
29 13.18+2.61 19.80 1.76£0.02 1.93+£0.03
31 29.19+2.84 9.73 1.88+0.04 2.30%0.13
32 28.17+2.78 9.87 1.7510.02 1.97%0.05
33 18.841+4.64 24.63 1.80+0.09 2.09+0.37

CTAB 5 217.621+18.02 8.28 1.88+0.01 2.13+0.10
11 3.02+0.77 25.50 1.58%0.10 2224242
15 2.21+0.31 14.03 1.6210.04 1.38+0.08
18 2.63+0.28 10.65 1.86+0.13 1.91+£0.70
30 17.621+0.76 4.31 1.75+£0.02 1.03+0.01

Data represent means *S.D. (The data obtained from nine test portions for GA21H were caluculated.)
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DVTORNHENE LR OUE[H,roHmE SR
ABIZOWTHE B2 7o 7. 2 B . BEBr o BE SR
FRAENEBLETH- - OERE LTRAR
HEFEDBRANHLG PR 07 F0:D BlHES
HEEEELVERABELECVWBHERLZLEZ 5,
GA2IL¥ ML LAY ) — = v FREB(GA2ILR 7 Y —
=V TREIIBIT ACaMB L UGA21BAEDFH LS D.
2. FhFh1.64:0098 & U1.11£0.10%.GA2IH ¥ 31T & &
LE:AZ Y —= v FRERGA2IHR 2 1 — = Z 8B B
it 5CaM 3B &L UGA21 BAEDFHY S DL Fh Fhi.65
+0.388 X Uf5.42+£0.45%.GA2IHE 3R & L7 RGHRY
FERRERGA2IHALEERE) 1251 MONSI10B L UF
GA2IBAREOFH£SD.IT. FNFN13620.118 L U570
+038% Th ol CNOFFE S NRAZLHERE»S
BEINLBARL b, 233488 L THHAE%
T BEHSE.Z- A3 7OHEE Xbarr REBRIDIER *
Fol-E£R. BRI LBRESNABARIREEELD
EERBOONE o LA L. F— 7 OB IRV BT
AL L TR rLREINGMER LA
NRETRZ2VEDOHE L LTIEERE LTRTHEL
Billigoihrol,

(2)-2. GA2ILX 7 U - L TR

GA21LIZ B4} 5CaM B & 'GA21IE AEIZ DV THEATL .
Z-A37 B L UXbar-REERI %R L 72 (Fig.1~3).Fig.18 &
UFig iR & b & 5123284 6 | E S h7=GA21LIC
BT E2CaMB L UGAUIBAROFER LS DL FhEh
1.75+£0288 L UF1434+023% T o 72 & L2, CaMiB AR
LGA2IBAEDEEEFEGM + v £ 0 3 VREAFE)DFY

-} UL
CL oo
ML ch6d
[T=RN:

-] UCL:09%

L o0n
=] ML 2s

- T it g
W R IMNDIDRD IO sRANd DI AN DI DY

Laboratory

Fig. 1. Z-score, Xbar and R chart for CaM amount in three test
portions of GA21L samples measured as screening trial

Individual data are represented as a circle (in Xbar chart and Z-score;
Q) or a cross (in R chart; X). The mean (central limit) of each value is
illustrated as bold horizontal lines. Upper and lower control limits are
represented as mean=+2 S.D. The data, which are over the upper or lower
control limit, is represented as a square ((J).

* indicates the laboratories in which CTAB method was used to extract
DNAs.

Abbreviations; UCL: Upper control limit, CL: Central limit (Mean), LCL:
Lewer control limit, ML: Median
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Fig. 2. Z-score, Xbar and R chart for GA21 amount in three
test portions of GA21L samples measured as screening
trial

Individual data are represented as a circle (in Xbar chart and Z-score;

O) or a cross (in R chart; X). The mean (central limit) of each value is

illustrated as bold horizontal lines. Upper and lower control limits are

represented as mean =2 S.D. The data, which are over the upper or lower

control limit, is represented as a square .

* indicates the laboratories in which CTAB method was used to extract

DNA:s.

Abbreviations; See the footnote of Fig. 1

Xy 4.0 ‘M‘:p ----- UCL03
L Sppraroe S
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Laboratory

Fig. 3. Z-score, Xbar and R chart for total GM maize amount in
three test portions of GA21L samples measured as
screening trial

Individual data are represented as a circle (in Xbar chart and Z-score;

Q) or a cross (in R chart; X). The mean (central limit) of each value is

illustrated as bold horizontal lines. Upper and lower control limits are

represented as mean+2 S.D. The data, which are over the upper or lower
control limit, is represented as a square ((J).

* indicates the laboratories in which CTAB method was used to extract

DNAs.

Abbreviations; See the footnote of Fig. 1

+S.D.133.18+0.43% Td o 7= (Fig.3)o T 7= XbarB & U'Z-2
I7OEBREAEBX -BEMCaMB L UGA2LIBAEIZ
DVTEFNFNIEH . EGM P EO I VRARIZONVT
B RIEBIER L BABEITREFROERIZOE
T2 - 7:(Fig.1~3)0
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(2)-3. GA2IHX 7 ) ~ = > J Bk

GA2IHIZ B} 5CaM B L UGA2LBARIT OV THETL .
Z-A 37 B L UXbar-REERH % 7R L 72 (Fig.4~6).Figd B &
UFigSIZR &N 5 L9 IZ.GA2IHIZ B 5CaMiEARE B &
U'GA21 BAZNDFH £SD.E, TN EFN1.691027B L T°
6.62+£0.96%TH o7 EHIZEGM I EOIVRAED
FH+S.D.138.31+1.04% T o 72(Fig.6)o T 7= XbarB X U
Z-AITHEBER BRI BENCaMBAFIZDOWNVTS
BE.GA2IRAZIZIOVT 2R EGM P 7 E 03 VB A

x_z.s + CDD ..... ucL:as
q S

L4

UCL0.024

P > -
NL W I NIBNNN D) ) PR UDIBWG LR

Laboratory

Fig. 4. Z-score, Xbar and R chart for CaM amount in three test
portions of GA21H samples measured as screening trial

Individual data are represented as a circle (in Xbar chart and Z-score;
() or a cross (in R chart; X). The mean (central limit) of each value is
illustrated as bold horizontal lines. Upper and lower control limits are
represented as mean=2 S.D. The data, which are over the upper or lower
control limit, is represented as a square ().

* indicates the laboratories in which CTAB method was used to extract
DNAs.

Abbreviations; See the footnote of Fig. 1

- JOUNTOUURRISRIN o, & S ucL8.s4
Xour 8.0}
[T

N PO .
P R e we o LCL.4T
3.0

R L P R s LIRS L S @ SESEET IS R ucL:1.68
WOF 2 x e\ LV SV
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AT E RN ST T T RA SRR R e T H BT
Laboratory

Fig. 5. Z-score, Xbar and R chart for GA21 amount in three
test portions of GA21H samples measured as screening
trial

Individual data are represented as a circle (in Xbar chart and Z-score;

Q) or a cross (in R chart; X). The mean (central limit) of each value is

illustrated as bold horizontal lines. Upper and lower control limits are

represented as mean=+2 S.D. The data, which are over the upper or lower
control limit, is represented as a square ([).

* indicates the laboratories in which CTAB method was used to extract

DNAs.

Abbreviations; See the footnote of Fig. 1
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BIZOWTIEEH -7 EHIIZ RIBEHBER B L /-8
A5CaM B L UGA2IBARII DWW T EF N FH28E . 4CGM +
v EO 3 VIRARIZOWTIERMZD 57 (Figd4~6)

(2)-4. GAIHREER SR

GA21HIZ BT ZMON8B108 & UGA2IIEBARIZOWTH
WL.Z-A 278 & UXbar-REEBRE % 7R~ L 72(Fig. 7~ 9)oFig.7
B X UFig8IIR& N3 L 5 I MON8103B & UGA21IBAE
DOFEH+S. DAL F R F11.75£0.298 L U6.51£0.76% T

< uaL:oese

231

" erann 0 - s BE-LL
ol A e ,./\ 7\]‘& ;.7\ Q
N v o e v s R

DI nguRiTMe IRsRuNNABU RHBI Iy LHRNBE

Laboratory

Fig. 6. Z-score, Xbar and R chart for total GM maize amount in
three test portions of GA21H samples measured as
screening trial

Individual data are rebrcsented as a circle (in Xbar chart and Z-score;
Q) or a cross (in R chart; X). The mean (central limit) of each value is
illustrated as bold horizontal lines. Upper and lower control limits are
represented as mean+2 S.D. The data, which are over the upper or lower
control limit, is represented as a square ((J).

* indicates the laboratories in which CTAB method was used to extract
DNAs.

Abbreviations; See the footnote of Fig. 1

Laboratory

Fig. 7. Z-score, Xbar and R chart for MON810 amount in nine
test portions of GA21H samples measured as line spe-
cific quantification trial

Individual data are represented as a circle (in Xbar chart and Z-score;
O) or a cross (in R chart; X). The mean (central limit) of each value is
illustrated as bold horizontal lines. Upper and lower control limits are
represented as mean 2 S.D. The data, which are over the upper or lower
control limit, is represented as a square ().

* indicates the laboratories in which CTAB method was used to extract
DNAs. Abbreviations; See the footnote of Fig. 1
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Ho72.8 HIZ MONSIOBRAE L GA2IRAEOSHEG#
GM } Y £0 a3 Y ZHBAR)DFEH+S8.D.138.27+£0.90% T
H o (Fig9)e 1 XbarBLUZ- A2 7HERBREYE X
7-¥EI ASMONSIL0IB A DWW T3, GA21 B & U#GM
FYEOIVRARABILOVWTERFN2ENH 572, &
S RPERIER 82 785 5°MONS105 L UGA21iR
AFRIZOoWTERFRAEM.EGM P v E0 IV ZHRA
FIZDOWTRBIEH b L7z (Fig.7~9).
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Laboratory

Fig. 8. Z-score, Xbar and R chart for GA21 amount in nine test
portions of GA21H samples measured as line specific
quantification trial

Individual data are represented as a circle (in Xbar chart and Z-score;
O) or a cross (in R chart; X). The mean (central limit) of each value is
illustrated as bold horizontal lines. Upper and lower control limits are
represented as mean+2 S.D. The data, which are over the upper or lower
control limit, is represented as a square ([J).

* indicates the laboratories in which CTAB method was used to extract
DNAs.

Abbreviations; See the footnote of Fig. 1
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Fig. 9. Z-score, Xbar and R chart for total GM maize amount in
nine test portions of GA21H samples measured as line
specific quantification trial

Individual data are represented as a circle (in Xbar chart and Z-score,
O)or a cross (in R chart; X). The mean (central limit) of each value is
illustrated as bold horizontal lines. Upper and lower control limits are
represented as mean+2 S.D. The data, which are over the upper or lower
control limit, is represented as a square .

* indicates the laboratories in which CTAB method was used to extract
DNAs,

Abbreviations; See the footnote of Fig. 1
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SSIbBIEE XL L. 2OFHEB LURSD.XEEL L,
FOHER £33 TOSSIbRIEMNDTFER +£5.D.1231451.74
+13656.957 ¥ — miniZE ¥ A L 7278 THOFH £SD.
1333654.39+1341441 3 ¥ — CTABE*HFA L/=s#&8 T
FH+SD.4319557.41 17441653 E—TH o7z F 7. 851b
FEFEMITS O IZOVTHERINICA S & #51.4.11.19
B L U24IZB1THR.S.D.H, Fh¥FNT73.33,.64.45.37.40,
85.10. B L U58.93%TahH h ., st 2 e (284280 h
FNTHESNARSD.OFHE12.19%)k K& { L@ > /-
(Fig.10)o
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{copy numbers)
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Fig. 10. $S//b-measured values obtained from nine test portions,
which were derived from GA21 H samples
* indicates the laboratories in which CTAB method was used to extract

DNAs.
Data represent means +S.D. (n=9)
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DLW EPBBEA-Z L0 LRARBRIERAT LR
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