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I lalytical Bethod far the
Detarninatios of Metaldetwds
in sail

1.0 JINIRODUCTION
1.1 Scope

Thiz nethod is used for the deterzination of
metaldehyde residoes in s30il samples from locations
in california. 7The method uses a derivatizatiom of
netaldehyle to acstaldebwyde 2,4-dinitrophenyl- =
' hycdrazone (2,4-DHPH) as the analytical approach. A
. ‘ Retiod from the Research and Consulting Company AG

Plant Mater=ial (Reforence 3) wvas used in
this mathod. The limit of gquantitatian (LOQ) is

0.02 ppn (m3/9) met«ldeshyde. HNathod validation
.resglts from EN-CAS report 90-0035 1O Detarminaticn
Qf Metal lehyde Residues in/on Sails Trom s

Valle ] , are included in
this report (see Table I). See Figure 1 for a
flowchart of the mssthod. , ’

1.2 Principle

Metaldehyde is extTacted from soil by shaking with
dichloromethane (DCM) that has been pre-washed with
2% aqueous sodium bisulfits ts remcve tracas of the
cemtaminant, acetaldehyde. An aliquot of the DCX
axTTact is washed with 2% aquecus sodium bisulfites
to Temove extracted aldehydes which may cause GC
interferences after derivatization. After washing, -
the DCM phase is derivatized by shaking with a 0.5%
selation of 2,4-dinitrcphenylbydrazize (2,4-DNP) in
§N 3Cl (prizr to use, the derivatizatzion reagent is
pre—washed with DCM to remcve tTaces >f acataldehyde

BEST AVAILABLE COPY


http:pre-wasb.ed
http:sllalc.ng

EN~-CAS Project # 90-0035 LO | .~ page 122

EN~CAS Mathod No. ENC-2/91 : Page 3

1.2 Principle (comtinued)

2,4-0ONPH which may be present as a coantaminant).
Under the acidic derivatization conctitions, the
netaldehyde is convertad to acataldehyde which then
dissolves eous : awacts with the
2,4~ to form acetaldshyde 2,4-DNFE. The
acétaldehyde 2,4-DNFH i3 DCE-soluble and is
.therefore retuxned ta the DOX phase as it is formed
during the derivatization-shaking process. The
reaction mixTure is transferred to a separatory
funnel and the organic phase contaizing the
derivative is drained back into the Teacticn vessel
(the aguecus phase is discarded). T™e organic phase
is returned to the separatory funnel, washed with &N
HCl, foliowed by a wash with wvatar (ZPFLC grade). The
sanple is then filtered through a pad of anhydrous
sodium sulfata and recduced to -5 al Yy vacmm rotary
evaporation at a bath temperature of 30°C - 35°C. To
ramove the last traces of DO, athyl acetate is
added to the sample and the sample is evaporated to
dryness using vacuum rotary evaporation with a bath
tenperaturs <f 30°C - 35°C. The samrle extTact is
adjusted to an appropriate final voimme. Gas
chromatographic separation is accomplished with a
capillary DB-17 columm. Analyts dezection is
obtained usisg an alkali flame nitrogen/phesphorus
(N/P) detectar. :

2.0 APPARATUS

All equipment and apparatis may be replaced by egquivalent
items from alternate sources. : ‘

NOTE: Pricer o use, all labware should e rinsed with
DCM (which has been pre-washed wish sodi:=m bisulfite).
Neither acetone ncr methancl should be used to =insa
glassware. Acetope reacts with the 2,4-"NP derZvatizing
agent giving rise to a potential interfe—srce. Methanol
contains small amounts of acataldehyde wtich can also
intarfere in the metaldehyde analyses. .

2.1 ~French sgquare bothles, 4~0z and 32--=
2.2 <Caps, polyet:vlene-lized, for Frencz square bot:tles

2.3 Separatcsry fimnels, 252-mL
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2.0 APSARATUS (continued)

.

2.4 Erlenmeyer flasks, 2%50-aL, with 24/40 ground glass
fittings

2.5 Stoppers, ground glass, 24/40

2.6 Volumetric flasks, 100 mL, for preparing an-.lyticnl
standards

2.7 Powder :mméls, glass, 4-inch diameter

2.3 Disposable Pasteur pipettes, 23-ca

2.9 Scintillation vials, 20-mL

2.20 GC vials, 2-mL .

2.21 Mechanical Shaker (G190 Gyrotory)

'2.22 Rotary Evaporator, c:ld fingers (Bm:hi Rotowapor,
model FRE111l)

2.23 Top loading balanca, {Tisher Scianﬁi.tic, Model
XT-3KD) . .

2.24 uettle: analytical balance capable of 5 decinal

. accuracy, for weighing analytical standards

:

3.2 Dichloromethane (DCM}, pesticide grade.
ROTE: Just prizr to use (on ths same ). wash the
DCM with 2% (w/7) sodium bisulfite sol on. This
is accomplishecd by paztitioning the DCM wit™ S parts
2% aqueous sodimm bisulfite to 1 part DCX.

3.2 Ethyl acetate, :est:.c:.de grade .

3.2 Methanol, Fishe_ Scientific, oOptima gradu
NOTE: All gracdes of pethanol are comtaminated with
small amounts cf acetaldehyde. The purest grads of
methanol ava:.la.‘:le skould be usad. -

1.4 Hydrochloric acid, ACS Reagent grade

Derivatizing raagent, 0.5% solution of 2,4—
d:.m.t:c—henylh-r-'-azz._e in sN HC1 (prcpared aaily)
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3.0 REAGENTS (continued)
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NOTE: Prepare derivatizing reagent by weighing
0.5 g of 2,4-dinitrophenylbydrazine per 100 aL of
6N HCl (diluted from 12M BCl). Warm, if

to dissolve. Wash the reagent with 24 times its
volume of pre—washed DCM cn tha day of use.

3.6 Sodium sulfate (Na,S0,),

, ACS cartified,

heated in a muffle furnaces at 600'F for 2 hours

3.7 Sodium bisulfite, ACS certified

3.8 B & J bottled water, HPLC grade

: i
4.0 IEST SUBSTANCES

CH3—CH—0—CH—CHg
! |
o 0
i |
CH3—CH-0-CE—CHg

Metaldehyda

(C.H,0,)
MW = 176.2

g-=e

NO,

Acetaldehyde 2,4~
dinitrophenylhydrazone
{(2,4-DNFH) MW = 224.2
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4.0 TEST SURSTANCES (continued)

CgH; 504—H» 4 CHyCHO

aetaldehdye —————> acstaldehyde

CH3CHO—— > CHgCH=R~NH-CgHg (N2}

. acetaldehyde — > acstaldehyde 2,4-DNTH

5.0 PREPARATION OF ANALYYTCAL STANDARDS
$.1 Fortification Standards

Weigh 100 Bg (active ingredient) of the tast
substance, metaldehyde, using an analytical bmlance
into a 100-nL volumetric flask. Dissclve and dilute
to volune with methancl to prepars a 1000 pg/=mL
stock solution. [WOTE: All grades of msethanc] are
contaninated with srzall amounts of acetaldehyde.

Use a grade which minimizes the acstaldehyde
concantration. Fisher Optima grade specifies a
maxizum of 0.001% acctaldshyde, although in oxe
experience the amcunt present in typical lots
appears to be significantly less than this.)
Serially dilute the 1000 ug/mlL stock solutica in
sethanol to prepare 100 ug/ml and 10 pg/mlL standard
solutions. Use these solutions to fortify soil
control samples in order to monitor

rescovery. The stock standard solution is stanle for
approximately € months. [NOTR: Store all standard
- stock solutions in a freezer at a tamperaturs of
=10°C to -17°C.] . ‘
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5.2 Gas Chromatographic Standards

Gas chrumatographic standards are prepared by taking
known quantities of metaldehyde through the 2,4-DNP
derivatizing procedurs. In this way, the reagent .
background in the standard is sufficiently similar
to that in the samples to permit direct &C
comparison of standards and samples. Note that
experiments in our laboratory indicata that the
derivatizing reagent blank substantially embances
the capillary GC-N/P response to acataldehyde 2,4~
DNPH. Renoval of the reagent blank components from
the acetaldehyde 2,4-DNPH by purificatiom procedures
othar than those used to prapars tha

soil samples, will lead to erronecusly low responses
for the GC standards and thersfore, incorrect
elevation of residnes in the soil sanples. Por this
reason, the GC standards are prepared as ssntioned
above.

Using the 1000 usg/aL metaldehyde stock solution
prepared in Section 5.1 above, diluts with
sufficient pre-washed DCM to obtain a1 pg/mL
soiution. To individual 25-al, aliquots of pre-
washed DCM contained in separatory funnels, add the
following volumes of the 1 pg/nl metaldehyde
solutionn: 0.1 mL, 0.2 nL, 0.5 mL and 1 ml. Higher
concent=ations of standards are prepared directly
from the 1000 ug/ml metaldehyde stock solution in
methancl and the following volumes added: 0.01 nL,
0.025 nL, 0.05 mL, 0.1 nlL and 0.2 mL. %hen carried
through the derivatizing procedure and rscovered in
10 oL of ethyl aceatats, these standards will contain
acetaldehyde 2,4-DNPH equivalent to the following
metaldehyde concentrations: 0.01 pg/mL, 0.02 pg/aL,
0.05 upg/mL, 0.10 ag/mL, 1.0 ug/ml, 2.5 pg/mL,

5.0 ug/aL, 10 ug/al and 20 uag/mL. Fresh standards
are made at least weekly. [NOTE: Store all
standarZ solutions in a refrigerator at a
teaperature of 1°C to 3%C.])
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6.0 ANALYTICAL PROCEDURES

6.1

Extraction

'm Pre-wash tha dicMoWo by plrti'l:lioninq

with 5 parts 2% aquecus sodium hisulfits to 1 part
DCM. Discard the 23 aquecus sodium bisulfite.

. 6.1.1 Weigh 100 g of soil (processed according to

EN-CAS SOP III-5.9, see Appendix A) into a
32=-02 French square bottle. Make appropriata
laboratory fortifications with the mstaldehyde
stock solution prepared in Section 3.1.
Minfwus volunes (usually less than or equal to
1 mL) of the methanol fortification solution
are used in order to minimize potential
intarferences from tha traces of acstaldahyde
in the methanol. Allow solvent from the
fortification to mporat. for approximately
20-30 miputes.

6.1.2 Add 250 mL of DCM {pre~washed with 2%t agqueocus

sodiun bhisulfitsa; see NOTE above) to the -
French square bottla.

6.1.3 Add 500 g of anhydrous sodium sulfats to the
DCM/s0il mixture. Cap the bottle using a cap
with a polyethyleanse liner and place plastic
tape on the cutside to prevent leakage.

6.1.4 Placs the bot=le on its side in the mechanical
shaksr and shake vigorously (approximately 200
rpm) for 15 minutas on one side. Turn the
bottle to'the opposits side and continue
shaking for an additional 15 minutes.

6.1.5 Ranove the bottle from the shaker, placs it
upright and let the sample sattle for at least
15 minutes.

Partition and Dariva:tizatiun

6.2.1 Transfer a 25-mL sample aliquot to a 250-mL
separatory fumnel.

6.2.2 Wash the DM aliquot by shaking with 10 mt o?
2% aquecus sodium bisulfite solution. Allinw
the phases to saparate. (NOTE: The
netaldehyde residues will remain in the

organic pnase |
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6.2 Partition and Derivatization (continued) B

6.2.3 Draln the organic phase into a 4-oz French
square bottle. Discard the remaining aqueots
wvash. AAdd 10 mlL of derivatizing reagent
(0.5% solution of 2,4-DNHP in 6N ECl - see
Section 3.5).

NOTE: The darivatizing reagent must be washed
with DCM (pre-washed with 2%t agquecus sodium
bisulfite) prior to ussa in order to remove
acetaldehyde 2,4-DNPH contamination that may
be present. This !s accoaplished by
partitioning the derivatizing agent with 2.5
times its volume of pre-wvashed DCM (see
Section 6.1), then discarding the DCM. The
darivatizing reagent is prepared daily.

6.2.4 Cap the bottle securaly usitkg a cap with a
A . polyethylena liner and mechanically shake
(~=200 rpm) the sample f.or 20 minctes.

. : . . 6.2.5 Transfer the reaction mixture back to the
250-al separatory funnel. [NOTE: The organic
phase will contain the acataldehyde 2,4-
dinitrophenylhydrazone derivative.]

'6.2.6 Drain the organic phase back into the reactien
vessel (the 4-0z French square bottle) and
discard the agqueocus phase.

6.2.7 Return the organic phase to the separatory
funnel. Wash the organic phasa by shaking
with 2 x 20 mL of 6N HCl. Discard both acid
wvashes. )

}.2.8 Wash the or3anic phase again by shaking with
2 x 20 mlL of HPLC grade water. Discard both
wvater washes.

6.3 Filtration and Evaporation

§.3.1 Filter the sample through a pad (approximataely

) 50 g) of anhydrous sodium sulfate into a 250~
ml. Erlenmeyer flask with a ground glass neck.
Rinse the sodium sulfate pad with 25 mL of DCM
(pre—-washed with 2% agquecus sodium bisulfite),
combining the rinse with the filtrata.
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6.3

Piltration and Evaporation (continu.d)'

6.3.2 Evaporats the sample to approximately 5 aL
under vacuun rotary evaporation using a bath
tanperature of 30°C - 13S5°C, .

6.3.3 Add 25 uL of ethyl acetate and evaporats to
dryness using vacuum rotary evaporation at a
temperaturs of 30°C = 235°C. :

6.3.4 Dissclve the sample extract in an approprists
final volune (usually 10 mL) with ethyl
acetate. Procesed to gas chromatographic
analysis.

Gas Chromatogxraphic Detsrmination

Use a4 3O m x 0.32 xm, 0.25-m £ilm thickness, .
capillary DB~17 column to achieve gas
chromatographic separation. Use a Eewlett-Packard
Model 5890-A Gas Chromatograph (or equivalent) with
an alkali flame, nitrogen/phosphorus (M/P) detector
to provide adequate ssnsitivity and selectivity.

Gas chromatographic conditi.ns are listed in Sect3ion
7.0 of this method. :

Safety Precauations

Safety goggles rmust bas worn when working with the
high concentrations af HCl used in this method.
Work should be done in a fume hoocd to ainimize

to the analytss, HCl fumes and organic
solvents. The chemical waste generated in this
procedure should be segregated from any oxidizing
agents.

Limit of Quantitation

For the soil types validated herein, this methed :s
proven affective to a 1LOQ of 0.02 ppm metaldehyde.
Adjust the instriment sensitivity, GC calibratiom
standards and final sample volumes to allow
detsction of metaldehyde at 50% of tha LOQ.
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6.7 Time Required for Analysis v

An experiencad technician can process a sat of
approximately 12 samples (including controls and
recoveries), and prepare them for injection on the
gas chromatograph in approximataly one 8-hour day.
An additicnal day is required for reinjections and
for annotating and calculating the data.

Intarference and Potantial Problems

Theres are many amblant sources of acetaldehyde in
the laboratory environment. Therefors, extensive
care should be taken to prevent ambient acataldebiyds
from interfering in the mathod. Sozme of the
precautions are outlined below. '

6.8.1

6.8.3

6.8.4

Glassuashing apd Pre-cleaning Procedures
After normal glassware washing has occurred,

wash all glassware used in this procedura with
DCM (pre-washed with 2% aquecus sodium

bisulfita).

Sglvent Pre—washing
Pre-wash all of the DCM usad in this procedurs
with 2% aquecus sodium bisulfite.

{vatizing : .

The devrivatizing reagent (0.5% sclution of
2,4-dinjtrophenylhydrazine) is pre-washed with
DCM (which has been pre-washed with 2% aqueous
sodium bisulfite).

chromatographic Interferences
After the analyta has eluted from the GC, the
column tenperature is raised to 275°%C to burm

off any long retention time intsrferences
before the next injection.
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6.8 Interferenca and Potantia) Prohlems (continued)

6.8.5 Matxix and Solvent Bffects During Gas

Chromatography :

The reagent background which ramains in the
derivatized sample at the time of gas |

- chromatogriphy analysis has an enhancing -
effect on the acetaldehyde 2,4-DNPH signal
during capillary GC~-N/P analysis. Por
accurate deterninations of metaldshyde, it is
.therefore critical that the standards be
derivatized and prepared in the same manner as
the soil extracts. _ -

6.8.6 Ina:nmn:_nninr.ms

Detaricration of chromatography and baseline
instability say be ssen after as few as 5¢
injections. When this is cbserved, the .
following maintenance functions are perforaed:
the inlet liner is replaced, the entirn
injection port is cleaned (and the seals
replaced), and approximately 0.5 to 1 meter of
the front portion of the column is removed.

If these zaintanance activities do not improve
the chromatography, then the N/P detector bead
shoulc be replaced. ) :

7.0 GAS CHROMATOGRAPHIC ANALYSIS

7.1 Description and Typical Operating Conditions

Instrument: Hawlett-Packard Model 5890-A Gas
Chromatograph with an alkali flame,
nitrogen/phosphorus (N/P) detector
equipped with a 7673A Antomatic
Sampler. Data is collected and
processed with a Hewlet:-Packard 3396A

Integrator. .

DB~17, 30 2 x 0.32 mm (J & W
Scientific), 0.25-um £ilm thickness

Carrier: He 4.80 mlL/min. -

Detector: 3, 4.43 =alL/min.
Air 84.8 nmL/min.
‘Aux Be 25.5 mL/min.

Column:
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7.1 Ducript:lcn and Tgpical Operating Conditions
{continued)
Injection: 1 L, splitless
Temparatures: Injector: 250°C
Datactor: 275°C
Column Temperature Progqranm
Initial Ovean Temperaturas = 50°C
‘Initial Time = 1.5 nin.
Ramp A = 40°/min.
Ovan Tegoperature = 225°C
Tine = 7.9 nin.
Ramp B ' = 40%*/min.
Cvan Tmpcrature = 275°C
Final Time = 10 ain.
Typical
Retention
Time: Isomer § 1 = ~ 11.0 =min.
Isomer § 2 = ~ 11.3 ain.
Typical
- Intagrator
Paraneters: Hewlett-Packard 3396A Integrator
N PARMAETIRS INTERINE DEFINTTIORS
1 = 0 " 0. SIT MSELTIY OB
M= 1 1. SEY MSOLINE EETT VALLIY
QT SP= 2 (ca/mim) 2. SEY MSILINE ML VALLPYS
AR RE= 0 3. SN FOM EEXT PEMK
THRSH = =2 4. DISIBLY I0TO-TABCYNT SKINMIIG
iD= .03 5. EITEED RASELINE IKRTTONTALLY
6. NEZASTRE AED OPDITS YEZPSELD
TINEIASLE IVENTS 7. TURE OFF RETENTION YINE LQRFLTIC
TIHE 0.000 INTGJ = 8§ ° 3. TURN ON STARY/STIR HARSS
TINE 0.000 INTGS = 2 9. TURY OUF DNTECRATION
TINE 0.000 [F?G} = 9 10, INCRINENT TERESHOLD
DR 10.500 A1 SP = 2.0 11. INVIRY? NEQATIVE PEXX
TDME 10.510 DG4 = -9 12, CLINP NEQAYTVE PEAXS
TIHE 10.520 IR0 =20 13. SHOW [T, T2
TINE 10.530 4TF 2* = 1 1. START FEK SN WIEDOW
TIME 11.700 STOP
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7.3

Calibration
In order to bracket a wide range of metaldehyde’

. concsatrations, two standard curves are usad for

quantitation. Assuming a 10 aL final extract
volume, the lower range curve (0.01 to 0.10 pg/aL)
covers metaldehyde soil conceatrations froa 0.02 to
0.1 ppm. The higher range curve (0.1 ug/mL to 20
ug/ml) covers metaldehyde soil concentrations
batwesn 0.1 and approximately 20 ppm. The
demonstrated linear responss range for acstaldehyds

-2,4=DNPH is from 0.01 pg/ml to 20 ug/mlL on the HP

5890 N/P datector. Sample residue values and
fortification values which range above the 0.1 pg/al
standard must be injected within the higher range
standard curve (0.1 pg/mL to 20 pg/mL). This
approach allows rsagent background in the samples
and standards to remain constant. Only in rare
cases would netaldehyde residues in the soil exceed
20 ppa after normal application.

Use the metaldshyde GC calibration standards that

.weras prepared in the method {(Section 5.2) in

concentrations ranging frcm 0.01 pg/ml to 0.10 pg/nL
or from 0.10 ug/mL to 20 pg/mal to calibrate the
instrument. Inject appropriats standards at the
beginning of the run, after approximataly every 2 or
3 samples throuchout the run, and at the end of the
ran. A linear regression function is generated

) us:.ng t.he resulting sunmation peak height of the two

isomers, see Secticn 3.0, (obtained from the
integrator after subt:nc:ion of the reagent bhlank
contribution) vs. nanograms injected. The
correlation coefficient for the line should
generally be equal to or grsatsr than 0.990. The
sample nanograms found are deternined by inssrting
the summation peak height valus {corrected for the
rTeagent blank) of the two isomers into the standard
curve linear reqression equation.

GC Analyses of Sa.-ple_s

The peak heights of the calibration standards are
corzrected for the concurrent reagent blank.
Additiocnally, the peak heights of the control and
treated samples are each corrected for the
concarrent reagent blank. Any remaining control
contribution is subtracted from the fortified
recgvery sample results. XNo correction for cnnt:ol
is :ade for treated residue sanples. :
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8.3

8.4

Calculation of ppa Found

oy found

e fomd = .
s-equiv. injectsd

Calculation of Soil Moisture

Daternine the percent of moisture in the soil by
waighing 10 grams of soil in duplicats, drying
covernight at an oven temperature of 110°C, and
reveighing the soil. The average of tha duplicats
soll moistures is to be used in tha ruidu-
calculation.

Percent moisture in a soil sample:

“wat wt. - dry wt.
—— 100 = t wistare
wt wt.

Calculation of Seil Residues on Dxy Weight Basis

o et
{1 - decimal t misture)

pu dry =

Calculaticn of Percent Recovery

When calculating percent recovery of a laboratory
fortification, use the following ppm subtraction
calculation if there is control contribution
present.

Ppa (corrected) = ppa (sample) - ppa (@nﬁ.nl)
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. 8.6 Gilculstion of Percest Bacouery (castisesd)

. poa fomd (omTected)
fortitication Isvel (pm)

8.7 Example Calculation

Page 135

Page 19

——

Iomple: Set W { 2, rmm 37537 IN-QAS Suple I INN%0-22

Jl_u coumnts - (~731.0 coats)

oy fomd = = 00252 oy
1510229 comts

% emiv. 10 gx2Sukr L0z 1000 8/ _

isjectad = 210 »y emiv.
0l x 10 ol 1 1.0 ¢ 1000 L/l B
0.0252 ng

pom fomd = —————— 2 0.0262 pru
1.0 i3 eqmiv. -

9.033 ptm (cxtrected)
{1 Becovery « - 1100 = 11T
0.02 pom added

ot sample comts = (509 sumple commty - 16 reagest hlask cxats = 3443 coumts

q.

P (coxvecte?) = 0.0262 ppm {sample) - 0.0029 pym (coatral) = 0.0203 pram
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Extract metaldshyde by adding DCM (pre—washed with 2% aumeocus
sodium bisulfite) and solid anhydrous sodiim sulfats to
the soil sample and mechanically shaking.

De:ivatiz- an aliquot of the DCM extract by msechanically
shaking with 2,4~dinitrophenylhydrazine in &x 3C1
{pre~vashed with DCM)

(aftar discarding tha aquecus phase) wash tha organic
phase with acid (discard acid washes).

|
Wash the organic phase with water (discu:d vatar washes).
. . I
Filter the sample through anhydrous sodium sulfate.
| |

Evaporate the samxple to a small voluze
using rotary evaporation.

|
Add ethyl acetate and evaporate to drynass.
'3

Resconstituta the residue with ethyl acetate to an appropriate
final wolunme.

'
Analyze on a gas chronatnl;raph us:.ng N/P detacticn
and a capillary DBE=-17 column.





