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ABSTRACT A procedure is described for the analysis of BAYLETON and
all known metabolites free or conjugated in bovine liver,
kidney, muscle, fat or milk The tissues are extracted
using methancl in a Polytron blender After vacuum fil-
tration and rotary vacuum evaporation, the oily extract
is partially cleaned up by passing it through XAD-4 ion
exchange resin, eluting with methanol Following concen-
tration by rotary vacuum evaporation, the residue is hy-
drolyzed by refluxing with concentrated hydrochloric acad,
which converts BAYLETON and metabolites to p~chlorophenol
The resulting phenol is steam distilled and further cleaned
up by partitioning with acid and base followed by deriva-
tization using 2,4-dinitrofluorobenzene If necessary, the
derivative is further purified by passing it through an
alumina column An internal standard of 3,4=dichlorophenol
15 added before derivatization and the samples are assayed
using gas chromatography/mass spectrometry, monitoring the
specific ions 127 or 294 (161 or 328 for intermal standard)
for primary or confirmatory analysis respectively
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BAYLETON TOTAL RESIDUE METHOD VERIFICATION
(BOVINE)

wwme= The following method has been validated for quantitatioen
of total Ttesidues of Bayleton and metabolites 1n bovine liver

hadney muscle fat and mik  BONEIDEN TIAL

I EXTRACTIONS PROPERTY OF
A Tissues MOBAY CHEMICAL CORPORATION
AGRICULTURAL CHEI“MCﬂLSC‘i DWI%ION
1 Twenty five gram samples weighed 1nto a

1 liter bottle are polytron extracted two minutes in 200 mil
methanol

2 Samples are vacuum filtered over Reeves
Angel glass fiber filter paper into a 500 ml flask The
extraction bottle and filter cake are rinsed twice with 25 ml
methanol

3 The combined extract and rinses are rotary
evaporated to dryness or o1l 1in a -0 C water bath

B M1lk

1 sampl¥s of 100 g weighed 1into a 1 liter
bottle are polytron extracted two minutes in 200 ml methanol
plus 100 ml acetone plus 25 gm Hdytlo Supercel

2 The m.xtures are vacuum filtered over
Reeves Angel glass fiber filter paper into a 500 ml flask The
extraction bottle and filter cake are rinsed twice with 25 m.
methanol

3 The combined extract and rinses are rotary
evaporated to ~20 ml aqueous volume 1n a 50 C water bath

II XAD COLUMN CHRO:{ATOGRAPHY
A Coiumn Preparation
1 Tamp plug of glass wool into a 20 mm x
450 mm reservoir column F1l1 to the bell with methanol
2 Add XAD 4 (prewashed as 1in Section VIII)
to the column to a height of 175 mm
5 Drain methanol to top of XAD 4
4 F11l column with D I H,0 and drain to top

of YAD ¢
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B Chromatographic Procedure

1 To the residue remaining in the flask from
Sectien I A 3 or I B 3 above add 10 ml methanol plus 90 ml
DI H;0 Swirl flask and sonzicate to dissolve Tesidue as
completely as possible Apply to column at a 6 ml/min flow rate
Drain to top of XAD 4 Discard

2 Rinse flask with 100 ml 90 10 D I H,0
MeCH and apply to column at a 6 ml/min drip rate Drain to top
of XAD 4 Discard

3 Elute the column with 300 ml methancl at a
6 ml/min flow rate
B
4 Gradually transfer eluant to a 250 ml flask }¢

while rotary evaporating solvent to dryness or o1l in a 50°C
water bath (Azeotrope any remaining water by addition of 20 ml
increments of acetonitrile followed by rotary evaporation until
dryness 1s achieved )

Note Quantitation standards are started
at this evapora“*ion step For tissues 1 ml of 2 5 pg/ml Bayleton
(corresponding to 0 1 ppm in a 25 gm sample) 1s transferred to
a 250 ml fiask and rotary evaporated For milk 1 ml of 1 ug/ml
Bayleton (corresponding to 0 0l ppm 1in a 100 gm sample) 1s
transferred to a 250 ml flask and rotary evaporated

C Column Regeneration

Between each sample run regenerate the XAD 4
column in the following manner

Apply 1in Order 100 ml acetone
BONFIDENTIAL 100 n1 acetone

200 ml methanol

PROPERTr OF 200 m1 D I HzO:bithese steps
constitute
MOEAY CHEMICAL CORPORATION Section II A
AGRICULTURAL CHEMICALS DIVISION column preparation

I1I HYDROLYSIS AND DISTILLATICN

A Hvdrolysis of Total Bayleton Residues to
para Chiorophenol {PCP)

1 To the residue remaining in the flask from
step II B 4 add 7 ml acetone 30 ml concentrated hydrochloric
acid and two boiling stones
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2 Reflux under 500 mm Allihn water cooled
condensers overnight (~16 hrs) Use or long condensers minimi.es

escape of HCl fumes and lessens resultant equipment damage «—

3 At the corclusion of hydrolysis unplug
the heating mantles and allow the samples to cool to roonm
temperature prior to disconnection from condensers This
minimizes loss of PCP as 1t 1s extremely volatile Mark the
velume level of each flaskh vith an indelible marker

B Steam Distillation of PCP

1 Add 100 ml1 of D 1 H,0 to each flaslk
through the condenser

2 Disconnect the flasks from the condensers
and interpose a distillation adapter between the reflux flask
the condenser and a collection flask containing 15 ml 1N NaCH

3 Heat to boiling and distill ~100 ml water
over until the volume 1in the reflux flask returns to the pre
marked level (step III A 3 ) Unplug heating mantles

4 Let samples cool to room temperature
and rinse condenser with ~5 ml D I H,0 which Is added to the
distillate

Iv PARTITION CLEANUP
A Scdium Bicarbonate Wash
1 Adjust pH of distillate to <2 (as deter

mined by pH indicator sticks) with concentrated hydrochloric
acid

2 Transfer distillate to 250 ml separatory
funnel and ex*ract three times with 50 ml dichloromethane !
Discard distillate Combine DCM extracts in 500 ml separatory
funnel

Y Yash combined DCM extracts with 100 ml
5 NaHCG,

4 Back extract aqueous with 50 ml DCM

‘Unless otherwise noted all partitions involve 30 seconds
of vigorous shaking
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5 Combine all DCM fractions 1in a 500 nml
separatory funnel and discard VaHCO;
B Base +«—+ Acid Extraction
1 Extract combined DCM fractions three times

with 100 ml 1IN NaOH Discard DCM

A Acidify combined aqueous fractions to pH <2
(determined by pH 1ndicator sticks) with concentrated sulfuric
acid Use caution as sputtering will occur Allow to cool to
rocm temperature

3 Extract acidified aqueous twice with 100 ml
DCM Do not collect any acid with the DCM fraction Combine
DCM extracts 1n a 250 ml flask and add 2 ml © 5N NaOH to convert
PCP to the less volatile sodium salt Swirl to mix

4 Remove DCM on a rotary evaporator using an
unheated water bath Remove all solvent (as indicated by smell)
while maximizing aqueous residue Allow to go to dryness 1f
this 1s necessary to remove all traces of DCM If required add
D I H;0 to samples to approximate a 2 ml volume

Note The internal standard 1s started at
this step For tissue analyses pipet 10 ml of a 4 yug/ml
sclutzon of 3 4 dichlorophenol 1n acetone into a flask For
m1lk analvses pipet 5 ml of the 4 ug/ml solution of 3 4 dichloro
phenol 1n acetone into a flask Add 2 =l of 0 SN NaOH and
remove the acetone on a rotary evaporatoTr using an unheated water
bath The internal standard 1s then treated as any other sample

1% DERIVATIZATION
A Preparation of Derivatizing Solution
1 In a 250 ml separatory funmel combine

15 ml acetone 1 5 ml dinitrofluorobenzene (DNFB) and 150 ml
5 sodium tetraborate

2 Wash derivati_ing solution three times 3 1th
100 mnl hexane Discard hexane

'These anounts result in enough derivatizing solution being
prepared to derivatize 15 samples
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B Sample Derivatization

1 Add 10 ml of derivatizing solution to the
residue from Section IV B 4

2 Stopper the flasks swirl the contents and
place 1in a 50 C sand bath for 15 min

3 Remove from sand bath and let cool to room
temperature

4 Transfer the sample to a 125 ml separatory

funnel and extract three times with 10 ml 1So octane Collect
any emulsion with the 1so0o octane fraction

5 Combine 1s¢ octane extracts and wash twice
with 15 ml 0 SN NaOH for 15 seconds followed by five washes with
D I H20 for 15 seconds each Any emulsions formed are not
discarded with the aqueous washes but are kept with the 1so-
octane fraction Discard all aqueous washes

Vi ALUMINA COLUMN CHROMATOGRAPHY
A Column Preparation
1 Tamp plug of glass wool 1nto a 20 mm x
450 mm reservoir column F111 to the reservoir with hexane
2 Add 10 g 2% deactivated basic alumina
(prepared as in Section VIII A 1 ) Let packing settle
3 Add 5 g Na,S0. (prewashed with acetone and
methanol) Drain hexane to top of Na,SO,
B Chromatographic Procedure
1 Apply sample in 30 ml 1so octane (from

Section V B 5 ) to basic alumina column at a 15§ ml/min flow
rate Drain to top of Na,S0, and discard

2 Rinse sample flask 3 times with 10 ml hexane
followed by 100 ml hexane Apply each rinse to the column at
a 15 ml/min flow rate draining each rinse to the top of the
Na, S0, before applying the next Discard all hexane

3 Elute column with 250 ml 60 40 hexane
ethyl acetate at a 15 ml/min flow rate Collect eluant for
quantitation
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4 Rotary evaporate samples to dryness in a
40 C water bath

5 Dilute internal standard sample 1n 20 ml
nexane for tissues or 10 ml hexane for milk to yield a 2 ug/ml
3 4 dichlorophenol solution For quantitation tissue samples
are diluted using 1 ml of the 2 ng/ml 3 4 dichlorophenol solution
Milk samples are diluted using 0 5 ml of the 2 ug/ml 5 4 dichloro
phenol solution

VII QUANTITATION BY GAS CHROMATOGRAPHY/MASS SPECTROMETRY

Instrument Hewlett Packard 5992A GC/MS System

Program Selected Ion Monitor

Column 4 x 2mm 3 Dexsil 300 on 80/100 mesh
Chromosorb W HP

Terperatures Oven 240 C 1sothermal
Injector 250 C

Carrier Gas Helium at 25 ml/min 40 ps1

Solvent elute prior to voltage application 2 3 min

Ions monitored for primary quantitation

127 mass of parachlorophenol minus 1 hydrogen
161 mass of 3 4 dichlorophenol minus 1 hydrogen

lons monitored for confirmatory quantitation

294 mass of DNFB derivatized parachlorophenol
328 mass of DNFB derivatized 5 4 dichlorophenol

Injection volume 6 nl

Retention times DNFB derivative of PCP ~5 minutes

DNFB d~rivative of 3 4 dichlorophenol
~5 minutes

CONF DENTIAL

MOnAY CHEMICAL CORPORATION
T ATHRY CF MICALS DIVISION
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v1 Alumina Basic Woelm Super 1 ICN
Activate overnight at 120°C prior to
25 deactivation with D I H.0 Let
stand overnight prior to use

VIII REAGENTS AND GLASSWARE HANDLING

v 2 Acetone Fisher pesticide grade
V3 Dichloromethane  Fisher pesticide grade
4 Dinitrofluorobenzene Aldraich

Store i1n a dessicator at room temperature

-3 Ethyl Acetate Fisher pesticide grade
6 Hexane Fisher pesticide grade
7 Hydrochloric Acid Dupont electronic grade
: Hyflo Supercel Fisher
~9 Methanol Fisher pesticide grade
“10 Sodium Bicarbonate Mallinckrodt 5%

solution in D I H,0 (50 g/liter)

V/Il Sodium tetraborate Baker Analyzed Reagent
5% solution in D I H,0 (50 g/liter)

12 Sodium Hydroxide Fisher
a IN solution in D I H,0 (40 g/liter)
b 0 SN solution in D I H.0 (20 g/laiter)

“/13 Sodium Sulfate Mallinckrodt prewashed
with methanol and acetone
14 Sulfuric Acid Dupont electronic grade
<15 ? 2 4 trimethyl pentane {1so octane)
Mallinckrodt Nanograde
16 XAD 4 Amberlite polymerac absorbent

Rohm & Haas This must be pre extracted
prior to use by three successive 8§ hour
Scxhlet extractions with 300 ml methanol
each time
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a Bayleton 1 mg/ml Dissolve 10 0 mg
of Bayleton in methanol and dilute to volume in a 10 ml volumetric
flask

B Standard Solutions

1 Stock Solutions

b KiwG (519 mixed 1somers 1 mg/mi
(Bayleton equivalent solution) Dissolve 10 1 mg of KWG 0519
mixed 1somers in methanol and dilute to volume 1in a 10 ml
volumetric flask .

c AWG 1640 mixed 1somers 1 mg/ml
{Bayleton equivalent solution) Supplied as Acid [ and Acid 11
Dissolve 5 5 mg Of each acid in 10 ml methanol and dilute to
volume 1n a 10 ml volumetric flask

d AWG 1323 1 mg/ml (Bavleton
equivalent solution) Dissolve 10 5 mg of KWG 1323 iIn methanol
and dilute to volume in a 10 ml volumetric flask

e KWG 1342 1 mg/ml (Bayleton
equivalent solution) Dissolve 10 6 mg of KWG 1347 In methanol
ana dilute to volume in a 10 ml volumetric flask

Note Bayleton equivalent weights used
are based on molecular weight ratios

2 Fortification Standards

a Tissues Pipet 1 ml of the appropriate
stock solution into a 10 ml volumetric flask and dilute to volume
with methanol Tnis represents 100 ug/ml Bayleton equivalents
of the appropriate standard Pipet 2 5> ml of the appropriate
100 ug/ml standard into a 100 ml volumetric flask and dilute to
volume with methanol This represents Z 5 ug/ml Bayleton
equivalents of the appropriate standard

1 0 ml of the appropriate 2 5 ug/ml
standard represents 0 1 ppm Bayleton equivalents in tissues (25 gm)

0 5 ml of the appropriate 2 5 ug/ml
standard represents 0 05 ppm Bayleton equivalents in tissues (25 gm)

b Milk Pipet 1 ml of the abpropriate
stock solution into a 100 ml volumetric flask and dilute to vollume
with methanol Tnis represents 10 pg/ml Bayleton equivalents of
tne appropriate standard Pipet 2 5 ml of the appropriate 10 ug/ml

-10-
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standard into a 25 ml volumetric flask and dilute to volume with
methanol This represents 1 pg/ml Bayleton equivalents of the
appropriate standard

1 0 ml of the appropraate 1 ug/ml standard
represents 0 01 ppm Bayleton equivalents in milk (100 gm)

0 5 ml of the anpropriate 1 pg/ml standard
represents 0 005 ppm Bayleton equivalents in milk (100 gm}

-

3 Internal Standard

3 4 dichlcrophenocl 1 mg/ml Dissolve
10 mg > 4 dichlorophenol 1n acetone and dilute to volume 1n a
10 ml volumetric flask Pipet 1 ml of the 1 mg/ml internal
standard stock solution into a 250 ml volumetric flask and dilute
to volume with acetone This represents a 4 pg/ml solution

c Glassware Handling

Glassware 1s washed 1n Alco jet 1n a mechanical
dishwasher After normal rinsing and a D I rinse glassware 1s
dried with technical grade acetone Immediately prior to use
glassware 1s rainsed with nanograde acetone Rotovap stems are
also rinsed with acetone prior toc use Sulfuric acad dichromate
cleaning 1s sometimes necessary to remove baked on residue 1in
hydrolysis flasks s

BONEIDENTIAL
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APPENDTIX I

PRIMARY QUANTITATION (IONS 127 AND 161) OF BAYLETON
AND METABOLITES IN BOVINE TISSUES AND MILK

(INCLUDING QUANTITATION OF METABOLISM LIVER AND XIDNEY
SAMPLES PROVIDED BY MOBAY)
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APPENDIX II

CONFIRMATORY QUANTITATION (IONS 294 AND 328) OF
BAYLETON AND METABOLITES IN BOVINE TISSUES AND MILK
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APPENDIX II1

QUANTITATION OF OVERSPIXES OF HYDROLYZED AND
DERIVATIZED BAYLETON ADDED INCREMENTALLY TO
BOVINE TISSUE AND MILK CONTROLS PRIOR TO INJECTION
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APPENDTIX v

INTERPRETATION OF GC/MS PRINTOUTS GENERATED
THROUGH SELECTED ION MONITORING PROGRAM
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INTERPRETATION OF GC/MS PRINTOUTS GENERATED
THROUGH SELECTED ION MONITORING PROGRAM

Quantitation of total Bayleton residues 1s made by
injection of the DNFB derivative of hydrolyzed residues on a
5% Dexsil column installed an an H P 5982 A GC/MS During
compound elution data 1s accumulated and stored by Selected
Ion Monatoring (SIM) softvare provided with this system The
scan in Figure 1 1s a result of the computer processing of
data stored after injection of a 0 1 ppm standard

Line by Line Interpretation of Printout

Line A Sample identity 1s listed initially  Thais
number refers to the analysis number assigned to the sample in
the particular set at the onset of the procedure and 1s recorded
in the analysis notebook The date printed refers to the date
of sample 1injection

Line B The software prints out those i1on masses
which the analyst has decided to monitor for quantitation
purposes

Line C Line C lists the number of milliseconds
during Which the signal of each 1on w1ll be monitored In this
run during the GC elution of the sample the mass spectrometer
monitored each pre selected 1on 400 milliseconds As compound
peaks elute the total cycle time of 800 milliseconds results
in an adequate number of monitoring points to provide good
precision for area data acquisition

Example The analyte peak width is
approximately 30 seconds A total cycle time of 800 milliseconds
results 1n each of the 1ons being monitored a total of approxi-
mately 38 times during elution of a GC peak

30 seconds
8 seconds/cycle

= 38 cycles

Line D At this point the 1on data processor prints
out the maximum abundances detected of each 10on monitored
throughout the GC elution of the sample The numbers assigned
to the abundances are in arbitrary units interrelating ion
currents and mass spectrometer voltage settings maximized dailv
1n autotune of the instrument As daily autotune settings differ
the absolute numerical values of the abundance units cannot be
correlated between runs on different days
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Line E The run ngg%TeUrRA],.'sCHlEI{‘yJGéE%g@gsm the order

in which the samples were 1injected This particular run kept
the data acquiring electronics of the mass spectrometer on for
6 4 minutes post 1njection The injection velume of 6 00 upl

1s also noted

At this point in the printout the 1on processor prints
a separate scan of each 1on which 1as monitored (rons 127 and
161 in this example) throughout the GC elution of the sample
During data acquisition the abundances monitored for each 1on
are independent of one another

In the 10on scan retention time hatch marks are prainted
at the far left in 1 minute intervals beginning when the elec
tronics of the spectrometer were turned on for data acquisition
(user specified) For the run in Figure 1 the electronics were
turned on Z 3 minutes post 1njection This helps keep the mass
spectrometer clean

The dark trace to the left of each individual 1on scan
represents a scale factor of one tenth the light trace The
light trace 1s always used for measurement purposes This trace
1s prevented from going off scale by an overscale option

Another option allows all ion traces to be set to the same
scale factor which 1s determined by the i1on with the highest
signal level detected throughout the scan With the above
mentioned overscale option this scale 1s determined by the
tallest peak detected throughout elution being set exactly full
scale All other peaks are printed on this scale to represent
their abundances relative to this largest peak

The maximum amount of analyte detectable without dilution
1s only dependent on keeping the internal standard measurable
when it 1s prainted on the large scale set by the analyte peak
{see Figure 2) Based on heeping the height of the intermal
standard twice the baseline (criteria for minimum detectable
peak) this limit appears to be approximately 3 ppm based on a
25 gm sample It can be adjusted upwards (assuming linearity)
by dilution of sample with additional internal standard solution
(to maintain a consistent ug/ml concentration of internal
standard as well as 1ts peak height)

The minimum amount of analyte detectable 1s dependent
on the same scale effects as well as background factors With
small analyte levels all peaks will be set to a scale dependent
on the maxaimum abundance of the internal standard wusuallv the
tallest peakh 1n a low abundance analyte scan Figure 3 represents
an average matrix control or reagent scan Based on keeping the
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@@G\‘J_[?U@Em FIAL 69531

height of the analyte peak;MQ8€£§H£MHH%.GGﬁEﬁﬂAﬂﬂﬂthe criteria

for minimum detection) tRERUAHIURALCHEMOA SADIVISION to be
approximately 0 001 ppm based on a 25 gm sample y concentration
of the injection solution and increase 1in original sample size,
this limait 1s approximately 0 0002 ppm in milk With a consistent
predetermined level of internal standard being added this limat
could be adjusted downward somewhat by additional concentration
However with concentration the 127 1on background increases
which also limits the minimum abundance detectable for the

analyte in the same manner as on a GC equipped with a conventional
detector

As has been discussed, the effects of the scale factors
on all other peakhs relative to the peak of maximum abundance do
influence the minimum and maxamum detectable levels of analyte
However the actual numerical value of the scale response 1s
inconsequential for quantitation purposes ! The numerical value
of the full scale response varies daily as well as from 1injection
to 1njection Its value 1s determined by the instrument sensi
tivity and 1ion abundance as well as the amount of sample which
actually crosses the membrane separator

The utility of the internal standard 1s apparent when
considering the differences in full scale response from sample to
sample Use of an internmal standard circumvents any 1nconsis
tencies when different amounts of sample diffuse through the
membrane separator When a small amount of analyte crosses
the membrane a small amount of internal standard crosses the
membrane In the same manner the use of ratios when comparing
sample to standard for quantatation purposes effectaively

normalizes all response scales even though they are different
from sample to sample

For quantitation purposes, area calculations are used
Calculation by peak height ratio 1s unacceptable due to apparent
matrix effects on analyte diffusion through the GC/MS membrane
separator resulting in a broader and shorter analyte peak in
matrix samples than in the reagent standard Calculation of a
peak heaght ratio between analyte and internal standard does
not circumvent the problem as the broadening and shortening
effect of the matrix 1s not as apparent on the internal standard
peak The matrix effects are taken into account using area
calculations as a drop in peak height 1s counterbalanced by an
increase in peakh 11dth and vice versa

'Refer to Figure 4 At the higher masses of 294 and 328 the
instrument background 1s appreciably lower The percent relative
abundance of analyte parent ion 294 and internal standard parent
1ion 328 1s also low resulting in low full scale response
However the sizes of the resultant peaks remain comparable to

those generated during monitoring of the more abundant 127 and
161 ions
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The 5992 A GC/MS system 1s equipped with an integrator
but 1s capable of proper integration only when peaks begin and
end at baseline Integration of peaks occurring on a slope as
the analyte peak does (pairticularly in matrix) results 1in
extremely low 1integration and renders proper quantitation
1mpossaible Area calculations are therefore done by hand using
the following equation

base of peak (mm} x height of peak (mm)
2

Sample 1injection sequence follows the order of standard,
Z sanples standard etc Samples are quantitated against the
standard of closest proximity Area ratios (area analyte - area
internal standard) are calculated for both the sample and

standard The ppm value of the sample 1s then calculated using
the following equation

area ratio sample x ppm level of standard _
area ratio of standard = ppm level of sample
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