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and ethylene glycol in the portion of sample taken are cal-
culated using the following formula:APPENDIX XIII: ADULTERANTS

Result = (RU/RS) × (CS/CU) × 100
AND CONTAMINANTS IN FOOD

in which RU is the analyte relative response (analyte peak
response/2,2,2-trichloroethanol peak response) from theINGREDIENTS
Sample solution; RS is the analyte relative response (analyte
peak response/2,2,2-trichloroethanol peak response) from
the Standard solution; CS is the concentration of analyte inTests contained within this Appendix are not monograph the Standard solution (mg/mL); and CU is the concentrationrequirements, but rather are provided as informational of sample in the Sample solution (mg/mL).methods for FCC users.
Performance characteristics

Limit of quantitation: 0.025% (w/w) for ethylene gly-
DIETHYLENE GLYCOL AND ETHYLENE col and diethylene glycol

GLYCOL IN GLYCERIN1 Range: 0.013–0.031 mg/mL for ethylene glycol and
0.012–0.030 mg/mL for diethylene glycol.  [NOTE—Wider

This method was developed for the identification and linear ranges may be achievable but were not investigated
quantification of low levels of ethylene glycol and diethylene when developing this method.]
glycol in glycerin. Accuracy: 99%–107% recovery from samples spiked
Standard solution: 0.025 mg/mL of USP Ethylene Glycol with diethylene glycol and ethylene glycol at levels of
RS, 0.025 mg/mL of USP Diethylene Glycol RS, 50 mg/mL of 50%–120%
USP Glycerin RS, and 0.05 mg/mL of 2,2,2-trichloroethanol Precision: Instrument precision: Less than 3.0% RSD;
(internal standard) in methanol repeatability less than 4.0% RSD for analysis in the
Sample solution: 50 mg/mL of sample and 0.05 mg/mL of 50%–120% range
2,2,2-trichloroethanol (internal standard) in methanol
Chromatographic system, PESTICIDE RESIDUESMode: GC

Detector: Flame ionization The methods and information contained in this section
Column: 0.53-mm × 30-m fused-silica analytical column were designed to measure pesticide residues in food ingredi-

coated with 3.0-µm 6% cyanopropylphenyl–94% dimethyl- ents of botanical origin.
polysiloxane stationary phase2 

Temperature General Method for Pesticide Residues
Injector: 220° Analysis
Detector: 250°
Column: See the temperature program table below.

DEFINITION
Hold Time

Initial Temperature Final at Final Where used in this compendium, the designation pesticide
 Temperature Ramp Temperature Temperature applies to any substance or mixture of substances intended

(°) (°/min) (°) (min) to prevent, destroy, or control any unwanted species of
100 — 100 4 plants or animals causing harm during or otherwise interfer-
100 50 120 10 ing with the production, processing, storage, transport, or

marketing of pure articles. The designation includes sub-120 50 220 6
stances intended for use as growth regulators, defoliants, or
desiccants, and any substance applied to crops before or

Carrier gas: Helium after harvest to protect the product from deterioration dur-
Injection size: 1.0 µL ing storage and transport.
Flow rate: 4.5 mL/min
Injection type: Split flow ratio is about 10:1 LIMITS
System suitability requirement: The resolution, R, be-

tween diethylene glycol and glycerin from the Standard so- Limits for pesticides for foods are determined by the Envi-
lution is NLT 1.5. ronmental Protection Agency (EPA), and where no limit is
Analysis: Separately inject equal volumes of the Standard set, the limit is zero. The limits contained in Table 1, there-
solution and Sample solution into the chromatograph, and fore, may not be applicable in the United States and are
measure the responses for the major peaks on the resulting provided for guidance purposes only, and not for the pur-
chromatograms. Diethylene glycol and ethylene glycol can pose of meeting a regulatory requirement in the United
be identified in the Sample solution on the basis of peak States. The limits may be applicable in other countries
retention times compared to those in the Standard solution. where the presence of pesticide residues is permitted. Unless
[NOTE—The relative retention times for ethylene glycol, 2,2, otherwise specified in the individual monograph, the article
2-trichloroethanol, diethylene glycol, and glycerin are about under test contains NMT the amount of any pesticide indi-
0.3, 0.6, 0.8, and 1.0, respectively.  See Figure 1 for exam- cated in Table 1.
ple chromatograms.]  The percentages of diethylene glycol

Table 11 Based on the following published method: Holloway G., Maheswaran R.,
Bradby, S., and Wahab, S. 2010. Screening method for ethylene glycol and

Limitdiethylene glycol in glycerin-containing products. J Pharm Biomed Anal.
51:507-511. Substance (mg/kg)
2 DB-624 (J & W Scientific), or equivalent. Alachlor 0.02

Aldrin and Dieldrin (sum of) 0.05
Azinphos-methyl 1.0
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Table 1 (Continued) REAGENTS
Limit

Use reagents and solvents that are free from any contami-Substance (mg/kg)
nants, especially pesticides, that might interfere with theBromopropylate 3.0
analysis. It is often necessary to use special grade solvents

Chlordane (sum of cis- and trans- iso- 0.05 suitable for pesticide residue analysis or solvents that have
mers and oxychlordane) recently been redistilled in an apparatus made entirely of

Chlorfenvinphos 0.5 glass. In any case, suitable blank tests must be performed.
Chlorpyrifos 0.2
Chlorpyrifos-methyl 0.1 PREPARATION OF APPARATUSCypermethrin (and isomers) 1.0
DDT (sum of p,p′-DDT, o,p′-DDT, p,p′- 1.0 Clean all equipment, especially glassware, to ensure that it
DDE, and p,p′-TDE) is free from pesticides. Soak all glassware for a minimum of

Deltamethrin 0.5 16 hours in a solution of phosphate-free detergent, rinse
Diazinon 0.5 with copious quantities of distilled water, and then wash

with acetone, followed by hexane or heptane.Dichlorvos 1.0
Dithiocarbamates (as CS2) 2.0
Endosulfan (sum of endosulfan isomers 3.0 QUALITATIVE AND QUANTITATIVE ANALYSIS OF PESTICIDE
and endosulfan sulfate) RESIDUES

Endrin 0.05
Ethion 2.0 Use validated analytical procedures that satisfy the follow-
Fenitrothion 0.5 ing criteria. The method, especially with respect to its purifi-

cation steps, is suitable for the combination of pesticide resi-Fenvalerate 1.5
due and substance under test, and is not susceptible toFonofos 0.05
interference from co-extractives. Measure the limits of detec-Heptachlor (sum of heptachlor and 0.05 tion and quantification for each pesticide matrix combina-heptachlor epoxide) tion to be analyzed: the method is shown to recover be-

Hexachlorobenzene 0.1 tween 70% and 110% of each pesticide; the repeatability
Hexachlorocyclohexane isomers (other 0.3 and reproducibility of the method are NLT the appropriate
than γ) values indicated in Table 2; and the concentrations of test

Lindane (γ-hexachlorocyclohexane) 0.6 and reference solutions and the setting of the apparatus are
such that a linear response is obtained from the analyticalMalathion 1.0
detector.Methidathion 0.2

Parathion 0.5
Table 2Parathion-methyl 0.2

Permethrin 1.0 Concentration
of Pesticide Repeatability ReproducibilityPhosalone 0.1

(mg/kg) (difference, ± mg/kg) (difference, ± mg/kg)Piperonyl butoxide 3.0
0.010 0.005 0.01Pirimiphos-methyl 4.0
0.100 0.025 0.05Pyrethrins (sum of) 3.0
1.000 0.125 0.25Quintozene (sum of quintozene, 1.0

pentachloroaniline and methyl
pentachlorophenyl sulfide)

Test for Pesticides

Depending on the substance being examined, it may beSAMPLING necessary to modify, sometimes extensively, the procedure
described hereafter. Additionally, it may be necessary to per-For articles in containers holding less than 1 kg, mix the form another method with another column having a differ-contents, and withdraw a quantity sufficient for the tests. ent polarity, another detection method (e.g., mass spec-For articles in containers holding between 1 and 5 kg, with- trometry), or a different method (e.g., immunochemicaldraw equal portions from the upper, middle, and lower method) to confirm the results.parts of the container, each of the samples being sufficient

to carry out the tests. Thoroughly mix the samples, and
withdraw an amount sufficient to carry out the tests. For EXTRACTION
containers holding more than 5 kg, withdraw three samples,
each weighing NLT 250 g, from the upper, middle, and [NOTE—Use the following procedure for the analysis of
lower parts of the container. Thoroughly mix the samples, samples and articles having a water content of less than
and withdraw a portion sufficient to carry out the tests. 15%. Samples having a higher water content may be dried,

If the number of the containers, n, is three or fewer, with- provided that the drying procedure does not significantly
draw samples from each container as indicated above. If the affect the pesticide content.]
number of containers is more than three, take samples from To 10 g of the coarsely powdered substance under test,

add 100 mL of acetone, and allow to stand for 20 min. Add
√n + 1 1 mL of a solution in toluene containing 1.8 µg/mL of

carbophenothion. Mix in a high-speed blender for 3 min.
containers, rounding up to the nearest whole number if Filter this solution, and wash the residue with two 25-mL
necessary. portions of acetone. Combine the filtrate and the washings,

[NOTE—Conduct tests without delay to avoid possible and heat, in a rotary evaporator, maintaining the tempera-
degradation of the residues. If this is not possible, store the ture of the bath below 40° until the solvent has almost
samples in hermetic containers suitable for food contact, at completely evaporated. To the residue add a few mL of tol-
a temperature below 0°, and protected from light.] uene, and heat again until the acetone is completely re-
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Figure 1. Overlay chromatogram of (a) Sample solution and (b) Standard solution. *Peaks from solvent and glycerin.

moved. Dissolve the residue in 8 mL of toluene. Pass of Solution B). Quantitatively transfer this solution to the col-
through a membrane filter having a 45-µm porosity, rinse umn, and proceed with the chromatography, using 1.8 mL
the flask and the filter with toluene, and dilute with toluene of toluene as the mobile phase. Collect the eluate (Solution
to 10.0 mL. This is Solution A. C).

PURIFICATION QUANTITATIVE ANALYSIS OF ORGANOPHOSPHORUS
INSECTICIDES

Organochlorine, organophosphorus, and pyrethroid in-
secticides: The size-exclusion chromatograph is equipped Sample solution: Concentrate Solution B almost to dry-
with a 7.8-mm × 30-cm stainless steel column containing ness, with the aid of a stream of helium, and dilute with
5-µm packing of styrene-divinylbenzene copolymer. Toluene toluene to 100 µL.
is used as the mobile phase at a flow rate of 1 mL/min. Standard solution: Prepare at least three solutions in tolu-
Performance of the column: Inject 100 µL of a solution in ene containing each of the pesticides of interest and
toluene containing, in each mL, 0.5 mg of methyl red and carbophenothion at concentrations suitable for plotting a
0.5 mg of oracet blue. The column is not suitable unless the calibration curve.
color of the eluate changes from orange to blue at an elu- Chromatographic system, Appendix IIAtion volume of about 10.3 mL. If necessary, calibrate the

Mode: GCcolumn, using a solution in toluene containing suitable con-
Detector: Flame-ionization  detector (alkali) or flame-centrations of the pesticide of interest having the lowest

photometric detectormolecular weight (for example, dichlorvos) and that  having
the highest molecular weight (for example, deltamethrin). Column: 0.32-mm × 30-m fused silica column coated
Determine which fraction of the eluate contains both pesti- with a 0.25-µm layer of dimethylpolysiloxane
cides. Carrier gas: Hydrogen (may also use helium or
Purification of the sample solution: Inject a suitable vol- nitrogen)
ume (100 to 500 µL) of Solution A into the chromatograph. Temperature
Collect the fraction (Solution B) as determined above under Injector: 250°Performance of the column. Organophosphorus pesticides

Detector: 275°elute between 8.8 and 10.9 mL. Organochlorine and pyreth-
roid pesticides elute between 8.5 and 10.3 mL. Column: See the temperature program table below.
Organochlorine and pyrethroid insecticides: Into a
5-mm × 10-cm chromatographic column, introduce a piece Hold Time
of fat-free cotton and 0.5 g of silica gel treated as follows. Initial Temperature Final at Final
Heat chromatographic silica gel in an oven at 150° for NLT Temperature Ramp Temperature Temperature
4 hours. Allow to cool, and add dropwise a quantity of (°) (°/min) (°) (min)
water corresponding to 1.5% of the weight of the silica gel 80 — 80 1
used. Shake vigorously until agglomerates have disappeared, 80 30 150 3and continue shaking by mechanical means for 2 hours.

150 4 280 1Condition the column with 1.5 mL of hexane. [NOTE—
Prepacked columns containing about 0.50 g of a suitable
silica gel may also be used, provided they have been previ- Analysis: Use carbophenothion as the internal standard.
ously validated.] Concentrate Solution B almost to dryness, [NOTE—If necessary, use a second internal standard to iden-
with the aid of a stream of helium or oxygen-free nitrogen, tify any possible interference with the peak corresponding
and dilute with toluene to a suitable volume (200 µL to to carbophenothion.] Inject the chosen volume of each solu-
1 mL, according to the volume injected in the preparation tion, record the chromatograms, and measure the peak re-
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sponses. [NOTE—The approximate relative retention times
Analysis: Use carbophenothion as the internal standard.are listed in Table 3.] Calculate the content of each pesticide
[NOTE—If necessary, use a second internal standard to iden-from the peak areas and the concentrations of the solution.
tify any possible interference with the peak corresponding
to carbophenothion.] Inject the chosen volume of each solu-

Table 3 tion, record the chromatograms, and measure the peak re-
sponses. [NOTE—The approximate relative retention timesRelative
are listed in Table 4.] Calculate the content of each pesticideRetention
from the peak areas and the concentrations of the solution.Substance Time

Dichlorvos 0.20
Table 4Fonofos 0.50

Diazinon 0.52 Relative
Parathion-methyl 0.59 Retention

Substance TimeChlorpyrifos-methyl 0.60
α-Hexachlorocyclohexane 0.44Pirimiphos-methyl 0.66
Hexachlorobenzene 0.45Malathion 0.67
β-Hexachlorocyclohexane 0.49Parathion 0.69
Lindane 0.49Chlorpyrifos 0.70
δ-Hexachlorocyclohexane 0.54Methidathion 0.78
ε-Hexachlorocyclohexane 0.56Ethion 0.96
Heptachlor 0.61Carbophenothion 1.00
Aldrin 0.68Azinphos-methyl 1.17
cis-Heptachlor epoxide 0.76Phosalone 1.18
o,p′-DDE 0.81
α-Endosulfan 0.82
Dieldrin 0.87QUANTITATIVE ANALYSIS OF ORGANOCHLORINE AND p,p′-DDE 0.87

PYRETHROID INSECTICIDES o,p′-DDD 0.89
Endrin 0.91

Sample solution: Concentrate Solution C almost to dry- β-Endosulfan 0.92ness, with the aid of a stream of helium or oxygen-free ni-
o,p′-DDT 0.95trogen, and dilute with toluene to 500 µL.
Carbophenothion 1.00Standard solution: Prepare at least three solutions in tolu-
p,p′-DDT 1.02ene containing each of the pesticides of interest and
cis-Permethrin 1.29carbophenothion at concentrations suitable for plotting a

calibration curve. trans-Permethrin 1.31
Chromatographic system, Appendix IIA Cypermethrin* 1.40

Mode: GC Fenvalerate* 1.47
1.49Detector: Electron capture

Deltamethrin 1.54Column: 0.32-mm × 30-m fused silica column coated
with a 0.25-µm layer of dimethylpolysiloxane *The substance shows several peaks.

Carrier gas: Hydrogen (may also use helium or
nitrogen)

Temperature
Injector: 275°
Detector: 300°
Column: See the temperature program table below.

Hold Time
Initial Temperature Final  at Final

 Temperature Ramp Temperature Temperature
(°) (°/min) (°) (min)
80 — 80 1
80 30 150 3
150 4 280 1
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