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Determination of 1,3-Dimethylurea in Boil by Gas Chromatography

I. SUMMARY/INTRODUCTION

This mathod is intended for deternining résiduas of 1,3~ _
dimethylurea (DMU) in soil. It has been validated for soil
concentrations of DMU between 0.02 to 1.0 ppm.

Metam-sodium (sodium salt of methyl carbamothiocic acid, CAS
Registry No. 137-42-8) is the active ingredient in the soil
fumigant marketed under the tradename "Vapam". 1,3-
Dimethylurea (CAS Registry No. 96-31-1) is a compound that
has been identified to be present in a soil-metabolism study
(reference 1). Chemical structures are given below.

CH3-NH-C(=S)-S"Na* (CHa-NH) 3C=0
netam-sodium - *1,3-dimethylurea
(DMU)
FW: 129.17 i FW: 88.11

'In the field, 100-g samples of soil are placed in glass jars.
Water is added to the soil samples, the jars are each capped
with a Teflon-lined 1id, and the capped jars are immediately
Placed in a freezer. In the laboratory, DMU is extracted
directly from the soil by shaking. the thawed sample of soil
with methanol and water. The sample is centrifuged to obtain
distinct soil and water phases. If particulate material
‘remains suspended in the aqueous extract, the extract must be
filtered. An aliquot of the clear agqueous extract is
removed, and the water is evaporated. The residue is
dissolved in methanol, and the DMU is quantified by using gas
chromatography with nitrogen detection.

II. MATERIALS/METHODS

The equipment gnd reagents described below were used to )
generate the data and chromatograms presented in this report.
Equipment with equivalent performance specifications and
reagents of comparable purity c¢an be used.

A, Apparatus-

1. Gas Chromatograph. Varian model 2100 used with
manual injections. :

2. Coulson Elect tic Conductivity Detector. Operated
in the nitrogen detection-~mode.
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3. Gas-Chromatoqraphic¢ Column. 15 m by 0.53 mm i.d..
capillary column with a 1.0-um '#ilm thickness of
polyethylene glycol (DB-WAX, J & W Scientific,
catalog no. 125-7012). A 60-cm (2-ft} by 0.53 mm
i.d., phenyl-methyl siloxane deactivated, -uncoated;
fused silica guard column (Restek Corporatiocn,
catalog no. 10045} was also used. -

4. Shaker. Reciprocating movement (Eberbach
Corporation, Ann Arbor, HI)
S. an;;ijggg. (1) Equlpped to accept ‘8-0z bottles and
capable of attaining 2000 - 3000 rpm (IEC HN-SII;
. Damon/ International Equipment Company, Needham .

" Heights, MA). (2) Equipped to accept 50-mL
cantrifuge tubes -and capable of attaining 2000 - 3000
rpm {IEC Clinical Centrifuge; Damon/International
Equipment Company). . . Do -

6. Glass trifuge Bottles. -8-o02, widemoutheo_pottles.
7. gCentrifuge Tubes. ‘'50-mL capacity with screwcap lids.

8. Syringes. 10-uL capacity, 26-gauge needle (Hamilton A
- 701N) for iojections into gas ohromaoograph. AR
9. Filter. 0.45-um Millipore filter. -
10. Millipore Fi te inc saratus. |

11. Test Tubes. 5- to 7-mL in'capacity.

12. Flasks: S500-mL capacity, round-botfom;"

B. ReaogntS'; PR :-LUV A
L4 T Ll .. : ' . .

1. Solvents. Methanol and water. All solvents-must be
of high purity and suitable for use in trace organic

analyses by gas chromatography. ) . -

" 2. 1,3-Dimethylurea. .  99% Purity, available from Aldrich
Chemical Co., Inc. (catalog no. D19,045-4) and Chem
Service; Inc. (catalog no. 0-986; P. ©. Box 3108,
West Chester, PA 19381). C :

3. Sjilanization Reagent. Dlmethyldzchlor051lane for
silane-treating round-bottom flasks and test tubes

(Supelco, catalog no. -3009)' Prepare a 5% so;utxon
in hexane. ' -

4. lgbrat;on and Fo gg;:;cat;og 50; t1ogs.

To. preparn a 1 00 mg/mL (= 1000 ug/mL) stock solution
of an analyte, place a known quantity (+ 0.1 mg) of

- 159 10
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S0 or 100 mg of primary standard of known purity into
a 50- or 100-aL volumetric flask, as appropriate.

The weight of primary standard used should take into
account the purity of the primary standard.

Add some solvent (methanol or water) to the ‘

+ volumetric flask to initially dissolve the analyte.
Then, £ill the flask with solvent to the volumetric’
mark. Close the flask with a Teflon or ground-glass
cap, and mix thorcughly. Use methanol for preparing
subsequent dilutions of both the DMU calibration and
fortification solutions. .

To prepare working calibration solutions, serially
dilute the stock calibration solution by volume with
methanol to give 4.0, 2.0, 0.80, and 0.40 ug/mL
solutions or other concentrations as required.
Dilute the stock fortification solution by volume
with methanol to give a 100, 10, and 1.0 ug/mL
solutions, or other concentrations as required.

c. Analytical Procedure

1. Extraction

Add 50 mL of methanol to the sample consisting of
100—g of soil and 50 mL of water in an 8-oz bottle.
Allow the sample to thaw. Shake the sample on a
reciprocating shaker for 1 hr. Centrifuge the sample .
for about 10 to 15 min at about 2000 to 3000 rpm to
obtain distinct soil and liquid phases. If suspended
material cannot be completely settled, filter the
agqueocus extract through a 0.45-um filter. Place a '
20.0-mL aliquot of the clear extract in a 500-mL
. silanized round-bottom flask. Remove the methanol
o and water under reduced pressure by using an
< evaporator with a heated water bath at about 45° to
50°C. Add 3.0 mL of methanol to the residual
material in the flask. Transfer the methanol extract
to a silanized test tube. Rinse the flask with 1 mL
of methanol, and transfer the methancol to the test
tube. Use a steam bath to obtain a final volume of
1.0 nL for analysis using gas chromatography.

2. Fortification

Analyze unfortified and fortified control samples
with each sample set to demonstrate method recovery.
For example, for 100-g samples, place 100 g of
untreated control soil into an 8-oz widemouthed
bottle, and add the appropriate volume of the
fortification solutions to produce a fortification
levels of 0.02, 0.10, or 1.C0 ppm, or other

1600377
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appropr1ate levels to uatch the levels faund 1n the
field samples. Add S0 mL of water and 50 mL of
methanol to .the soil sample. Extract the sample as ,
detailed in section C.1 above. . L .

D. Instrumentation - ..

I T T P Coe s Coe

Follow the manufacturer's instructions for operation
of the gas chromatograph and Coulson -electrolytic
conductivity detector. The specific conditions
listed below were used to generate the data and
chromatograms presented in this report.. , -

T T . - . . . -

Gas mato O

Carrxer gas' .hydrogen*- .
Inlet type, 0.25~inch quartz 11ner (catalog .
no. 210-1064, J & W 801ent1f1c),
- direct 1n]ectzon
Inlet temperature: 240°C . RPN
Oven temperature: 155°C (1sothermal) ) I
Volume injected: 3.0 ulL

..

o ‘se ectolytic Conductjvi Detector: , - -

Pyrolysxs temperature. 810*C
Pyrolysis gas: hydrogen . .
‘c§ta1yst. nickel .. . . - e -

Quahtitation:‘ Peak'height: exterﬁal standard

ot

stng the above condxtxons the elutxon times of DMU
was 2.5 min. See. Flgures 1 ,and 3 for typlcal
chromatograms. ,

2. glib;atien

P ...\_‘ . - . -

Callbrate the gas chromatograph by uslng the analyte
calibration’ solutlons specxfled in section II.B.4.

Calibrate the instrument by u51ng the 4.0, 2.0, 0.80,
and 0.40 ug/mL solutxons. , ' )

- et . . . -

3. alysis o t acts G

Inject the sample .extracts using the same conditions
used for. calibration. The xdentlty of the analyte
peak in the sample chromatogram is assigned based
upon the cocincidence of retention.times with those of
the calibration chromatoqrams. 1f. the. response of a .
peak identified as an analyte exceeds that of the
highest 1njected calibraticn solutxon, dilute the
sample extract until its response is within the

1617177
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calibrated range. Reinject the calibration solution
after injection of every two ta four sample extracts
and at the end of the chromatographic run. Calculate
the concentration of the analyte in the sample
extract by comparing it to the closest standard (peak
height), by use of a standard curve, or other
accepted quantitation techniques.

E. Interferences

Extractives from soil could potentially contribute peaks
with a retention time coincident with or near that of the
analyte. Satisfactory resolution can usually be achieved
with appropriate oven temperature manipulations or column
selection (length, phase). Figures 1 and 3 show typical
chromatograms. Analyze extracts of samples from
untreated plots to demonstrate the absence of
interferences from sample matrices, solvents, and
labware. The resolution provided by capillary columns
combined with the selectivity afforded by the Coulson
electrolytic conductivity detector operated in the
nitrogen mode should minimize any problems of
misidentification.

F. Confirmatory Techniques

Unexpected positive results, as in untreated control or
pre-application samples, should be confirmed by other
means. Confirmation can be achieved by gquantitation by
using a different detector type, such as a mass-selective
detector. Confirmation can also be achieved by using a
different column, e.g., Pennwalt 223/KOH.

G. Calculations

The concentration of the analyte in the original sample

is calculated by using the external standard method,

i.e., the response obtained for the analyte in the sample

extract is compared to the response obtained from a

separate injection of a known amount of analyte

{calibration solution). It is assumed for the i : .
- calculations outlined below that the injection volumes
- for all calibration solutions and sample extracts are
" fixed at the same volume.

"1, inear Detector-Response

A single-concentration standard is repeatedly injected
throughout the analytical run interspersed with the
sample extracts. The amount injected is recorded in
hanograms; the detector response is measured as a peak -
height in millimeters. All detector responses from
injection of the standard must be within 10% of the mean
of all the responses for the standard throughout the run.

16261
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An average sens;txvxty factor 'S, in cﬁ)ng is calcuiated
based on the mean response and anount injected._ ‘

The peak—helght response (mm) from 1n)ect10n of the - .
sample extract is recorded. This value is divided by the
sensitivity factor (mm/ng) to obtained the ng of analyte

found in the sample injection. "This value is divided by

the amount (mg) of soil represented by the injection of .

the extract [uL 1n)ected x (mg of soil extractives/ul of

extract)]. The result is ng/mg (= ug/g) or ppm of
analyte found. See Flgure 2 for an example.' ’

. . (2N L ogpeme e
worl luiol . [ Lt Wi

- . kb e, S s .,

. DISCUSSION . /= *° -Z- %7 ' -7 e T

A.

"is a measure of precxsxon.

‘a dry—we;ght ba51s, compensation is necessary for water

. ' . . . - - .y

Precision and Accuracy’ T

Fortified 5011 samples were prepared as descrlbed under
section II.C.2 and analyzed accordlng to this method to ™"
establish accuracy." Table 1 gives the description of the
soil used in this study. .Table 2 shows that recoveries
from a California sandy loam soil fortified from 0.02 to
1.0 ppm of DMU ranged from 80 to 116 %t with a mean
recovery of 94 ¥ (n= 16) and coefficient of variation
(CV) of 10 %; CV = 100 x (standard deviation/mean). ’
Recoveries from a Mississippi silt loam soil fortified
from 0.02° to 0:2 ppm of DMU ranged from 84. to 128 % with )
a mean recovery ‘of 103 % (n= 18) and coefficient of
varlatlon (CV) of 11 %.

r

u.'r. ] e e . : _ o

The precision of the method depends on varlatlons 1n

extraction and instrumental analysis. 'The variations in
extraction and instrumental analyses can be evaluated .
from the data obtained during analyses of fortified' '
samples. . The coefficient of varlatlon glven 1n Table 2

- .o T e T
P : L. . :

Detection lelt : T X . . B
[ o oy . . :

The detection limi't of the method is 0.02 ppm for DHU as'
determined by fortlflcatlons at the 0.02-ppm level Hlth a
detector response of at least 0 5 to'l, cm. . .

+ - 1

Dry-Weight Basis

- .

‘This method determines the residues on an asﬂrece1ved

basis. 1If it is desired to express the residue values on

present in the sample. Percent moisture can be

determined by drylng a subsample at 130 C for 3 hr.

a4 v w

- wet welght P
ppm,

‘Wet W, X m——mmm———— L
o Tdry weight' .

ppm, drjfﬁt;'ﬁ
bty
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D. ©Safety Precautions

Personnel untrained in the routins safe-handling of
Chemicals and good laboratory practices must not attempt
to use this procedure. Information on any specific
chemical regarding physical properties, hazards,
toxicity, and first-aid procedures can be  found on the
Material Safaty Data Sheets accompanying the chemical or
available from the chemical supplier. 1In general, always
wear safety glasses with sideshields, work in a well
ventilated area, avoid inhaling vapors, and avoid ccntact
of the chemical with skin and clothing. Flammable
solvents should be kept away from potential sources of
ignition.

1. 'Elammggle Solvents. Methanol.
2. 1l,3-Dimethylurea. Remove contaminated clothing and

wash affected skin area with Soap and water after any
.accidental contact. Wash eyes with plenty of water
after any accidental contact.

CONCLUSIONS

The method is specific for the analysis of DMU in soil. Only
commercially available laboratory equipment and reagents are
required. The analysis can be completed by cne person in an
8-hr period. Untreated and fortified untreated samples
should be extracted and analyzed with each set of samples to
demonstrate absence of interferences and adequate recovery.
If determination of DMU at a concentration other than 0.02 to
1.0 ppm is required, suitably fortified samrples must be
analyzed to validate the method at that concentration. It is
. €ritical that all of the water is removed from the agueous
extract before methanol is added to the residual material;
water-soluble contaminants injected into the inlet of the gas
chromatograph will eventually lead to peak tailing. It is
recommended that analyses be conducted by using isothermal
conditions to retain polar coextractives in the inlet insert
or at the head of the column. If tailing of the DMU peak is
observed, change the inlet insert and cut about 30 cm from
the head of the guard column or replace the guard column.

DMU should be transferred from the agueous soil extract into
methanol within a day; DMU residues in agueous extracts at
-ambient temperature may be subject to microbial degradation.

16406179
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VII. TABLES AND FIGURES

Table 1. Properties of the Soils used in this Study.

Description California® Mississippi®
Origin: Visalia Leland
Textural class: loam loam/silt loam
% Organic matter: 1.1 0.7
pH: 7.5 ‘ 6.3
CEC, meq/ 100 g: 9.2 7.3
Composition ‘
¥ Sand: 44 26
% sSilt: 42 ' 60 .
% Clay: 15 13

gData from RR 89-065B
Data from RR 89-064B

1660179




Table 2. Recoveries of Dimethylurea Added to SOilp
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Silt Loam (MS) .~ . ..Sandy Loam (CA) .
Amount Amount Amount  Amount _
Added@ Recovered Added Recovered i i
... {ppm) (%) Appm)_ (%) i ;
0.02 . . _ 96 0.02 108 )
0.02 ~ . 101" 0.02 100 . 7
0.02 . 116 0.02 111 ' ’
0.02 S 87 0.02 100 :
0.02 ~° 103 0.02 102 -
© 0,02 .103 0.02 86 ™
0.02 ‘. 80 0.02 108 UL
g.62 . 90 0.02 102 I
..0.02 .87 ... .0.02 T2 "¢
6.02 94 0.02 128 . -
0.02 96 2.02 104 '
0.02 113
0.05 g8 0.02 108
0.05 84
. _ 0.05 o4
0.1 101 )
0.1 84
0.2 82 : 0.1 88
1.00 - 98 0.2 111
0.2 92
range: 0.02-1.00 0.02-0.2
n: 16 18
mean: 94.1 102.8
std. deviation: 9.5 11.1
coeff. of var., %: 10.1 10.8
range: 80-116 84-128

' There were no background interferences for the analysis of DMU.

-~
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Figure 1. Sample Chromatograms (7-13-89: Lab. no. 516213) for
T the Analysis of DMU in Silt Loam Soil: -

1. Calibration solution containing 4.0 ug of DMU/mL.
2. Untreated control soil fortified at 0.02 pPpm.

3. Untreated control seil fortified at 0.02 ppm.

4. Untreated control soil. -

_":f.l:.':'.._:.i.“:*::i.-' R EEZB—iz: e Rt e ot ot o s sl
| | EaE s pe S e = el C B
RN | RN fenomnt=lio tments = : :
IRt | R S Rl o o el NS e =R
St vkt | S ot aiatel Rl Iolt Mt T A bt d 1l o ot
I :..Q_E 1[ ; e i :-i . . ' .i. HE. - i -
A et vt | St A S e TR Tt Tt S I & O B
e S
g el I o [ TR o .. . - _._.._l 4 -
TSR | [ERS o el R O RO Vel T |
St | | ‘ : P S T Bl I SUR
et | i owodlis R R N et e
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...'.- — . - — _...._....-_E .
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Four 12-ng injections gave a mean peak height of 86 mm (92,
82, 83, 87 mm). The sensitivity was 7.17 mm/ng (= 86/12).
The control sample gave no response at the DMU retention
time. Peak heights for the two fortified samples were 10.0
and 7.5 mm, and represented the injections of 1.39 ng (=
10.0/7.17) and 1.05 ng. (= 7.5/7.17). Because 20-g soil
Samples were extracted and the extract volume was 1.0 mL, the
3-ul, injections each represented 60 mg of soil. The residues
found were 0,023 ppm (= 1.39/60) and 0.017 ppm (= 1.05/60)
and represented recoveries of 116 and 87 %t based on a 0.020-
ppa fortification level.
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Figure 2. Calibration .curve (7-13-89; Lab. no.
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[ N : | -~ s e .
51623) for
DMU Based upon 3-ulL Injections of 0.40, 0.80, 2.0,
and 4.0 ug of Dimethylurea/mL Solutions. Peak :
. heights were 87, 44, 19,.and 10 mm, respectively.
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.
™

re 3. Sample Chromatograms (7-5-8%; Lab. no. 51387) for
- the Analysis of DMU in Sandy Loam Soil:

Calibration solution containing 4.0 ug of DMU/mL.
Control soil fortified at 0.02 ppm:; 111% recovery.
Control soil fortified at 0.02 ppm: 100% recovery.
Untreated control soil.
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