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ENVIRONMENTAL CHEMISTRY METHOD

| Pestcide Name: Thiabendazole
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Matrix: - Soil
Analysis: HPLC/FLD
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Environmental Chemistry Laboratory (ECL). This method is not an EPA method but one
which was submitted to EPA by the pesticide manufacturer to support product registration.
EPA recognizes that the methods may be of some utility to state, tribal, and local authorities,
but makes no claim of validity by posting these methods. Although the Agency reviews all
Environmental Chemistry Methods submitted in support of pesticide registration, the ECL
evaluates only about 30% of the currently available methods. Most methods perform
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print quality of the methods varies considerably because the methods originate from
different sources. Therefore, the methods offered represent the best available copies.

If you have difficulties in downloading the method, or further questions concerning '
the methods, you may contact Elizabeth Flynt at 228-688-2410 or via e-mail at

flynt.elizabeth@epa.gov.
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. ABC LABS NO. 3;7853M4
INTRODUCTION AND SUMMARY

Study Components

The “Terrestrial Ficld Dissipation for Thiabendazole in Wheat study (ABC Stody No, 37853)
is comprised of the following five componeats: (1) Field Study (37853); (2) Analytcal Resu
for Authentic Field Samples (37853A); (3) Analytical Method (37853M); (4) Freezer Stabdny

Principle

The methodology used in the analysis of thiabendazole and its metbolite benzimidazote was
developed at ABC Laboratories. Initial extraction conditions consisted of shaking the soil

fluorescence detection.

The HPLC fluorometric detector was optimized for each compound 0 accommodate the
fluorescence specira of either thisbendazole or benzimidazole

136
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MATERIALS
Standard Reference Materials

The following amalytical reference standards were used in this Study:

Thiabendazole Merck & Co.  03-20-89 99.8%  PS-3190 LS85216- -20 °C

000S141
Benzimidazole Aldrich 06-07-89 98% PS-3351 Aldrich Room
. : 02802IT  Temp.

Standards were accurately weighed and dissolved in methanof. Serial dilutions were prepared

as indicated in the raw data, chkands:ikingsoluﬁonswmk:pcinﬂ:efmandaﬁbmﬁm
curve solmionswcreswmdinarcfrigmmrwmnnminuse. Exact copies for preparatiop of

package (37853R).

Reagents

Methanol—HPLC grade Burdick & Jackson
Acetone—Pesticide grade Burdick & Jackson
Ethyl Acetate—Pesticide grade Burdick & Jackson
Acetic Acid—Reagent grade J.T. Baker
Ammonjum Acetate—HPLC grade J.T. Baker
Sodium Carbonate—Reagent grade J.T. Baker
Sodium Hydroxide—~Reagent grade J.T. Baker
Hydrochloric Acid—Reagent grade J.T. Baker

- Reagent Grade water—L ABCONCO Water Purification

Buffer Solution for pH Meter Calibration—pH=7 (Fisher Car. #SB108-500)

.l......l.‘.

PREPARATION OF STANDARD SOLUTIONS
Preparation of Reference Standard Solutions

1. Thia ole and Benzimidazole c luti 13?

a. Weigh accurately about 25.0 mg of thiabendazole (TBZ) and berzimidazole
‘BNZ) reference <tandards and transfer to separate 25-mL volumetric Macks.
Dilute each flask 10 volume with methanol. Mix well. Each solution conrains
approximately 1000 mcg thizbendazole'mL and 1000 mcg berzimidazole:mL,
respectively. Label the flasks '%‘ and
» \- \' .

.Tl-lll-a_?__n-
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b.  Transfer approximately 2.0 mL of the "TBZ_STOCE_SQLUTION 1000
"BNZ N

meg/mL" and approximately 2.0 mL of
meg/mL" to the same 100-mL volumetric flask. Dilute the flask to the 100-m1.

L L]
¢ Transfer 5.0 mL of " N "" 10 a 100-mL
volumetric ‘flask, Dilntcthcﬂasktolhcmﬂ-ml.makanhi—lﬂ% acetic acid in
water waell.ThcsoluuoncmumnsappmximamlylmcngLof‘lBZandl
mecg/mL of BNZ. Labe] the flask * YA .
1abendazole an i e
a Transfer 25-, 10-, 5-, 2.5-,and 1-mL aliquots of "TBZ/BNZ, ON

0.10, 0.05, 0.025, and 0.010 mcg/mL each of TBZ and BNZ. respectively. Label

[Note 2, Thez:nulweighuusednedommculadinthemdau. S(ockmdwikhgwlnﬁmsmm'din
e freezer when not in use.)

Preparation of Thiabendazole and Benzimidazole Fortification Solutions -

"
I.\'oteB.'Ihclcnu]diludomusadmdocummmdintheuwdau.]

Transfer 2.0 mL of the "TBZ ST SOLUTION 1000 m mL" and 2.0 mL of "BNZ
0 LU N 1 " 10 the same 100-mL volumetric flask. Dilute the flask

FORTIFICATION SOLUTION 2 m

Equipment
I. Flat boniom {lask, 500 mL
2 Linear shaker

3. Heating mantle, 200 wan with variable transformer

$18-383-5253p
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4. Bichner funnel

5. Rotary evaporator |

6. Sepanatory funnel, SO0 mL -

7. HPLC equipment (see Instrumentation section) o
METHOD OF ANALYSIS

Sample Preparation

grinding. After the final grind, mhsamplcwasplacedinapmlabebdplasﬁcconmincﬂndthcdry
ice allowed to sublime in a small freezer before being returned to the walk-in freezer. '

- .Extraction Procedure
The procedures listed below were followed during this study.

I. Weigh 20 g of soil into an 8-0z Nalgene boule. Method recovery check samples should be
fontified with thiabendazole and benzimidazole at this time. :

2, Add approximately 50 mL of 1:1 6 N HCl:dimethyHformamide (DMF). . Cap and shake for |
1 bour at 180 excursions per minute ("Slow” on a linear shaker.)!

4, Add 50 mL 4 N NaOH and 50 mL 2 N Na.COQ,, in that order, slowly, swirling to dissipate
heat. , : .

5. Add 100 mL ethyl acetats; shake for 1 minute and allow to separate. Swirling the sample |
may enhance the"separation but an emulsion may persist.

6. Drain the aqueous (lower) layer into a holding vessel. If an emulsion persists add 20 mI.
of 0.2 N Na.CO,, shake 15 seconds, and allow the layers to separate, Drain the aqueous
(lower) layer into the same holding vessa]. 818-358-3253g 139



ABC LABS NO. 37853M-8

7 Passthcorganicporﬁonthmnghacononplcdguinapowdcrﬁ:mdinwaSOO-mLﬂa
bottom flask, Rmmmeaquwusponiontothcoﬁgim}sqmmoryfnmcl.

8. Repeat steps 5-7 twice for a total of3XlOOmLuhylam=parﬁﬁon;.‘

' Sample preparation may be stopped and samples stored overnight at room temperature after these

steps. : . -

9, Evapommmmbinedparﬁﬁommnmd:ymmamocvapomorwthaaM'C)watcr
bath. :

10. Rinsetheﬂzskwithallustzx3mLportionsoflO%acuicacid(vlv)andmbineina*

10 mL volumetric flask. Dilute to the 10 mL mark with 10% acetic acid in water. Analyze
the solution for TBZ and BNZ by HPLC. . .

Instrumentation

Chromatography

mcﬂuomaﬁcspecuaofmhbendazokandbmzmudamlcmcﬁﬁmmmecﬁmmmm;
benzimidazole peak appeared in the thiabendazole chromatogram when the instrument was set on
the thiabendazole wavelengths (and vice versa).

and injected on a chromatograph optimized for one of the analytes. After the amalysis, the
chromatographic conditions (mobile phase, injection vohmne, and detector wavelengths) were
changed to optimize the system for the other amlyte and the same vials were reinjected for thar
analysis. ‘

Modifications to the following parameters may be necessary to ensure acceptable chromatography.
Columm: " Supeico LC-8-DB, 25 cm x 4.6.mm, 5-um particle size
Column Temperature: Ambient |

Range of Standard Curve: 250 1o 10 ng/mL

110
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Compound: Thiabendazole ' Benzimidazole
Parameter:
Mobile Phase: - 60% Water 70% Water
1 g/L Ammonium Acetate 40% Methanol 30% Methanol
* Injection Volume: . ' 50 ul. 10l -~
Excitation Wavelength: 300\ _ 271N
Emission Wavelength: | 350A | 300\

Soil Moisture Determination

Soil moisture determinations were performed on each treated sample. Determinations were
performed as described in ABC SOP FC 1.7.1. This consisted of weighing the container, then
weighing the container plus the wet soil, and then drying at 105-130 °C to a constant weigitt.

The soil moisture was then calculated by the equation:
% soil moisture =
wet wt of sample _ dry wt of sample

100 » and container (g) ~ and container (g)

. wet Wt of sample _ :
‘ “and container (g) container wt (g)

Method of Calculations

The Computer Automated Laboratory System (CALS) or MULTICHROM allows for data
acquisition, data analysis, resuits reporting, and information management.

Prb analyte in sample = C x V x DF
w

where:

concentration of amalyte in final HPLC 4552y soiution in ng/mL
v final volume of HPLC assay solution in mL

DF final dilution factor

w weight of sample in g

= | | 111

Honnu
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ABC LABS NO. 37853M-10
Spreadsheet Calculations

The ppm levels of analytes in the samples derived from the MULTICHROM daia system are entered
into a spreadsheet program on a personal computer (Quattro Pro) to calculate the recovery of analyte
from fornified sampies and to provide correction for recoveries to treated samples. The percem
recovery of the analyte from fonified samples corrected for background was calculated as foliows:

- opb found-ppb in comrol -
% recavery = p
" theoretical ppb calculated

The percemt recovery ofthglabommyforﬁﬁcazionswaslhenuscdtocomthemmdsampla
for recoveries. Nocorrcczionsoccm-edifthepercemmoverywasequaltoorgrmmtlnn 100%.

The residue level in the treated samples was also corrected for moisture content simultanecusly as
follows: :

ppb cbrrecred Jor - ppb found
moisture and recovery (avg. % rec. if <100%) x (1 - ¢ moist.)
_ - both as decimals

These calculations inay be dupliczted precisely using all the information on the spreadsheet entry
printouts in Appendix VI of the raw data package (37853R).

. ' RESULTS AND DISCUSSION
Method Validation

The method was validaxéd by amiyzing nonumied soils (controi} and nontreated soils fortified at
three different fontification levels 0.010, 0.10, and 1 ) of thiabendazole and benzimidazole.
Results of the method validation are given in Tabi M.}, The overail average recoveries for

Recovery from fonified samples z:=lyzcd concurrently with field sampies are reported in Table M-2
through M~5. The ovenall average recovery and the standard deviation for cach fontification level

e also included. Comtrol soil [mples were fortified at levels of 0.010, 0.10, and 1.0 ppm for.

thiabendazole and bemzimidazole. The overall average percem recovery for thiabendazole and
benzi- *° -le.was 80 = 8.7 and ©2 = 7.3%, respectively.
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The average percent recoveries TBZ and BNZ from the analysis of soil over the fortification range
of 0.01-1 ppm is listed below with the standard deviation and coefficient of variation (CV). The
CV is calculated by the following equation. : :
cv-29 (Standard Deviation of the % Recoveries)
Mean % Recovery

X 100

Precision

The precision of the analytical method is expressed as the relative standard deviation of the test
resuits. The overall precision of the analytical method is calculated from the standard deviation and

the mean value of the percent recovery of thiabendazole from fortified contro] samples using the
following equation:

Precision (95% level) = 2 x g (Standard Deviation of the % Recoveries)
. Mean % Recovery

x 100

The overall accuracy and precision of the analytical method percemt recovery for both compounds
are tabulated below: - :

. . Statistics
Mean %
Analvie n_| Recovery | SD CV | Precision
Thiabendazole 59 80 8.7 11 22
Benzimidazole 59 82 7.3 8.9 17

n = number of observations

Linearity

* The standard calibration curve was shown 1o be linear over the expected concentration range of the
sample solutions analyzed for thiabendazole and benzimidazole, '

Limits of Dectection and Quantitation

The limit of detection is equal 10 approximately 2-3 times the background levei of a control sample
that has been subjected to the analytical procedure. The limit of quantitation is the lowest
thiabendazole fontification level for which recovery data are deemed acceptable. The limit of °

quantitation and detection of the analytical method is 0.01 ppm and 0.005 ppm, respectively, for
thiabendazole and benzimidazole in soil. '

Limitations _ - | 143

The analytical method is highly specific for detecting thiabendazole and benzimidazole residues in
soil. Since the method uses fluorescence detection as a means of quantitating thiabendazole and
benzimidazole residues, other pesticides or fungicides which do not have inherent fluorescence are
fiot expected to interfere with the analysis for thiabendazole and berzimidazole$ 18-360-92530
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Confirmation of Residues by Mass Spectroscopy

Ruidmofmcpammmpoundmmedmpbwmmﬁmadmbcmiahmhﬁygas
chromatography/mass spectroscopy. Two treated soil samiples and one reagent blank were extracted
byﬂlcsoilmethodwiththecxccptionthaxthefmalcmawasrwonsﬁxmedh:ZmLofmahaml

instead of 10 mL of 10% ‘acetic acid. Samples for amalysis were injected on the GC-MS between
September 16 and September 19, 1991, .

Dazaforﬂ:emganblankfonhcanalysismacquiredinlhcﬁletitledWARBanddonotindim
the presence of TBZ in this sample. Thesmnofionsforthcmemiontimcafmmﬁngthe
amalysis of ABC Lab #322.1 (sample ID 314.Wa_ T.0-6"B) shows ions 201 and 174 st above the
background of other ions; indicating the presence of TBZ in the extract. Data for ABC Lab #357.1

(sample ID 674.Wa T.0-6"A) indicate that the jons characteristic of TBZ (201 and 174) are presem
a_bove background leveis. ‘

In summary, reﬁduqofﬂwparmtwmpoundTBchmwnfmedmbmhuwedsampbanalyzeﬂ

by mass spectroscopy. The reagent blank was found to contain no quamifiable amount of TBZ,
indicating little possibility of laboratory contamination.

- 144
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| TABLE M-1  Method Validation Results for Thiabendazole an. den. -idazols -
Washington soil -

' Spike Lavel . Thiabendazole Benzimidazole
Analytical
Lab. # sample TBZ BNZ Date L !
37883 ID {(ppm) {ppa} Extracted Recovery . Racovery
: CONTROL  0.00 0.00 07/14/89 a - -
2 CONTROL 0.00 0.00 07/14/89 a - ! -
3  CONTROL o0.01 0.01 - 07/14/89  8os - 89%
4 CONTROL  0.01 0.01" 07/14/89 92y 92%
‘ Average ass 91%
5 CONTROL 0.1 0.1 07/14/89 ‘ a7 _ 90s.
6 CONTROL 0.1 0.1 07/14/89 828 . 86%
7 CONTROL 0.1 0.1 07/14/89 87 91% .
Average ass a9s
3  CONTROL 1.0 1.0 07/14/89 .92y 994
3 CONTROL 1.0 3.0 07/14/89 _ 90t . 941
Average 91 96%
Overall Average an 92
Overall 5D 4. 7% 4.1%

a2 The control samples were found to contain less than 0.01 Ppm of either anily:l-

146
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TABLE M-2. Recovery frem vortified control soil Samples spiked at 0.010

Thiabendazole Benzimidazole

Analytical
Lab. § Sampie Date Prm N .
378583~ I Depth Extractsd Spiked Recovery Recovery
18 Tl. B. WA. U. 00-06~ 08/07/89 0.010 8 84s
7 Tl. A.  WA. U. 00-06~ 08/09/89 0.01¢ 91s 1
75 Tl. 001. wA. U. 00-06~ 08/21/89 0.010 %1s 83s
lo1 Tl. 007. WA. U. 00-06~ 08/28/89 9.010 Ts g4s
101.1 7T1. 007. wa. u©. 00-06~ 09/11/90 0.010 T8y 75%
88 Tl. 014. wA. U. 00-06~ 08/23/89 ¢.010 83 80s
113 T1. 028. wA. U. 00-06~ 08/31/89 0.010 81s 20s
124 T2. B. WA. U. 00-06~ 10%/05/89 0.010 T2% 72%
124.1 T2, B. WA. U. 00-06" 12/05/89 6.01¢ T2 T2%
136 T2. A, WA. U. 00-06~ 09/06/89 0.010 71s 82n
l48 T2. 001. WA. U, 00-06~ 05/07/89 0.010 87y a7s.
160 T2. 007. MA. U. 00-06* 09/11/089 6.010 80% 79%
263 ' T2. 007. WA. U. 18-24~ il0/30/8% 9.o010 } 823 80
158 T2. 014. waA. U. 00-0¢~ .99/18/8% o.010 83y 93s
212 T2. 023. MA. U, 12-18% 10/05/89 o0.010 79% 89s
226 T2. 056. wA. U. 06-12- i0/10/39 g.0l10 112% 104
239 T2. 084. WA. U. 06-12- i0/30/89 ¢.010 B8l ags
252 T2. 126. WA. U. 06-12" 12/07/89 0.010 15 g1s
276 T2. 182. wA. U. 00-06~ 12/29/89 9.010 9% 78%
288 T2. 224. WA. U. 00-06- 01/22/91 0.010 90% . 24
19 T2. 314. 'WA. U. 00-06* 01/25/%1 0.010 82% a8
331 T2. 404. WA, U. -00-06= 51/29/91 0.010 2% 83
343 T2. 494. WA. U. 00-06~ £5/20/91 ¢.o10 &2h : B4
355 T2. §74. WA. U. 00-06* 5/21/91 0.010 as 86y
iTae T2. 794. MA. U. 00-06- 08/16/91 0.010 . 79y 8ls
aas T2. 944. WA. U. 00-06- '06/10/92 0.010 62 76%
386.1 T2. %44. WA. U. 00-06= 07/14/92 0.010 &2% S4%
358 T2. 1094.¥MA. U. 00-0§- 85/10/92 0.010 708 ags
424 T2. 1094.WA. U. 1824~ 26/26/92 0.010 20% 95y
425 ° T2, 1094.wA. U. 18-24= 6726792 0.010 81y 71s
Average 80y 83y
sD 9.3y 7.8%
: e 117

$18-360-92532
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TABLE M-3 Recovery from Portified controi S50il samples Spiked at G.10 ppm

Thiabendazole Benzimidazolg

Analytical _
Lab. § Sample Date L ] L]
37853~ ID Depth  Pxtracted Spiked Racovery Recovery

20 Tl. TIB. wA. mO. 06-12* 0g/07/g9 0.10 25s 86y
38 T1. T1A. WA. 7, 00-G6= .08/09/89 D.10 82s 86s
3%.1 T1. TIA. WA. U. 0006~ 11/02/89 .10 763 . 79%
77 T1. 001, WA, O, 12-18= o08/21/89 0.10 70% T2
102 Ti. 007. wa. g, 00-06~ 08/28/89 0.10 I7s 13 3
90 Tl. 014. wa. ©». 06-12= om/213/89 0.10 3% 84y
237 T2. 084. wa, @, 00-06~ 10/30/89 e.10 T6s 80s
250 . T2, 126. WA. U. 0o0-0s- 12/07/89 0.10 7% 75s
275 T2. 182, wa. vy, 00-06~- 12/29/89% 9.10 83s 821y
287 T2, 224. wA. p. 00-06= 01/22/91 .10 B2% 8ls
320 T2. 314. wa. m, 00-p5~ 01725791 0.10 7% .85y
332 « w2, 404, wa. . 00-06= 01/29/91 . 0.10 27 22%
44 T2. 494. wa. u. 0008~ - 05/20/91 g.1¢ gsos ars
k114 T2. 674. wa. y. 00-06= 05/21/91 0.10 768 a2a
ars T2. 794. ua. u, 0006~ 09/16/91 0.10 71s 4%
387 2. 944, wa. U, 00-06~ 06/10/92 0.10 67y 788
399 T2. 1094.Ha, U. 00-06- 06/10/92 ¢.10 69y 754
Average 76a Bls
sD 5.3 4.5%

* Semple nomber 332 was a;parently'iaprcpe:ly fortified;
ROt used in statistics.

the resules were

$18-360-92510
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Spiked at 1.0 ppm

-

Thiabendazole Benzimidazole

§18-250-92539

Analytical
" Lab, # Sample Date 7pm ‘ ] %
37853~ ID Depth  =Extracted spiked Recovery Recovery
22 Tl. T1B. WA. U. 12-18- 08/07/89 1.0 Tis BEs
++-:2 T1l. TIA. WA. OT. 00-06~ 11/02/8% 1.0 20% 83s
40 Ti. TIA. WA. D. 18-24- 08/09/89 1.0 8le 83s
114 Tl. 028. WA. U. 00-06~ 08/31/89 1.0 32s 79%
125 T2. T2B. WA. U. 00-06= 09/05/89 1.0 83% 81s
137 T2. T2A. WA. U. 00-06~- 09/06/8% 1.0 3% 82y
149 T2. 001. WA. U. 00~06- 09/07/89 1.0 12% 111s
161 T2. 007. WA. U. 00-06~ 38/11/89 1.0 20s 77
189 T2. 014. WA. U. 00-06- 09/18/89 1.0 30y 1%
210 T2. 028, WA. U. 00-06- 10/05/89 1.0 76% 82%
210.1 T2. 028. WA. 0. 00-06~ 0%9/11/30 1.0 11 8ds
224 T2. 056. WA. T. 00-06- i9/10/89 1.0 3ls 381
287.1 T2. 9%944. Wa. U. 00-06~ =7/14/92 1.0 763 Tis
Azeraze a2s 83s
5D .78 9.1%
'* overal: Average 30y 82y
Cverall sSD 1.7% 7.3%
* Overall gtatistics include 9.210, 9.10 azd 1.: = spikas.
’ 149
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‘Figure I Represenative Chromatograms — ¢,q; PPm in Soil ‘
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Chromatogram | The extract of the - fortified contro! sample 424
1094. WA U.18-24 + 0.01 ppm with the fluorometer optimized for TBZ.
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Chromatogram 2 The SXACt of the fortified contro) sample 424"
1093, %A U 1824~ - 0.01 ppm with the fluorometar Optimized for BNZ.
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Figure 2 Rspreseqmﬁvc Chromatograms — Sei] Conwrof
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Chromatogram 3 The extrat of the comro] sample 423
1094.WA.U:18-24" with the fluorometer optimized for TBZ.
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Chromatogram 4 The extact  of the control sample ~ 423°
1094. WA . U.18-24" with the fluorometer optimized for BNZ. :




Figure 3

ABC LABS NO. 37853M-2]1
Representative Chromatograms — Treated Soil
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Chromatogram 5 The extract  of the treated sample 400.]
1094. WA.T.A.0-6" with the fluorometer optimized for TBZ.
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Chromatogram 6 The eXtract  of the treateq sample  400.1 )
1094. WA T.A.0-6" with the fluorometer optimized for BNZ. '
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Figure 4

Chmﬂmmgmn 7 A 50 ng/m| Standard with the ﬂuoromeu:r Optimized for

ABC LABS NO..37853M-2:
chrescnmwe Chmmogmns — 50 ngImL Standard
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