
ORGANOPHOSPHORUS PESTICIDES  5600

Formula: Table 1 MW: Table 1 CAS: Table 1 RTECS: Table 1

METHOD: 5600, Issue 1 EVALUATION: FULL Issue 1: 15 August 1994
  

OSHA : Table 2
NIOSH: Table 2
ACGIH: Table 2

PROPERTIES: Table 3

SYNONYMS: Table 4

SAMPLING

SAMPLER: FILTER/SOLID SORBENT TUBE (OVS-2 tube:
13-mm quartz filter; XAD-2, 270 mg/140 mg)

FLOW RATE: 0.2 to 1 L/min

VOL-MIN: 12 L 
     -MAX: 240 L; 60 L (Malathion, Ronnel)

SHIPMENT: cap both ends of tube

SAMPLE 
STABILITY: at least 10 days at 25 °C

at least 30 days at 0 °C

BLANKS: 2 to 10 field blanks per set

MEASUREMENT

TECHNIQUE: GC, FLAME PHOTOMETRIC DETECTION
(FPD)

ANALYTE: organophosphorus pesticides, Table 1

EXTRACTION: 2-mL 90% toluene/10% acetone solution

INJECTION 
VOLUME: 1-2 µL

TEMPERATURE
-INJECTION: 240 °C
-DETECTOR: 180 °C to 215 °C (follow manufacturer's

recommendation)
 -COLUMN: Table 6

CARRIER GAS: He at 15 psi (104 kPa)

COLUMN: fused silica capillary column; Table 6

DETECTOR: FPD (phosphorus mode)

CALIBRATION: standard solutions of organophosphorus
compounds in toluene

RANGE: Table 8, Column C

ESTIMATED LOD: Table 8, Column F

PRECISION (S  r): Table 5, Column E

ACCURACY

RANGE STUDIED: Table 5, Column A

ACCURACY: Table 5, Column B

BIAS: Table 5, Column C

OVERALL PRECISION (Ŝ rT): Table 5, Column D

APPLICABILITY: The working ranges are listed in Table 5.
They cover a range of 1/10 to 2 times the OSHA PELs. This
method also is applicable to STEL measurements using 12-L
samples. This method may be applicable to the determination
of other organophosphorus compounds after evaluation for
desorption efficiency, sample capacity, sample stability, and
precision and accuracy.

INTERFERENCES: Several organophosphates may co-elute
with either target analyte or internal standard causing
integration errors. These include other pesticides (see Table 7),
and the following: tributyl phosphate (plasticizer), tris-(2-butoxy
ethyl) phosphate (plasticizer used in some rubber stoppers),
tricresyl phosphate (petroleum oil additive, hydraulic fluid,
plasticizer, flame-retardant, and solvent), and triphenyl
phosphate (plasticizer and flame-retardant in plastics, lacquers,
and roofing paper).OTHER METHODS: This method may be used to replace

previous organophosphorus pesticide methods. See Table 10
for partial listing. The OVS-2 tube is similar in concept to the
device of Hill and Arnold [11], but offers greater convenience
and lower flow resistance.
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REAGENTS:

 1. Organophosphorus analytes listed in Table 1.
and (optional) triphenyl phosphate, analytical
standard grade.*

 2. Toluene, pesticide analytical grade.*
 3. Acetone, ACS reagent grade or better.*
 4. Desorbing solution. Add 50 mL acetone to a

500-mL volumetric flask. Dilute to volume with
toluene.
NOTE: For optional internal standard, add 1
mL of a 5 mg/mL solution of triphenyl
phosphate in toluene to 500 mL desorbing
solution.

 5. Organophosphorus stock solutions, 10 mg/mL.
Prepare individual standard stock solutions of
each pesticide of interest in 90/10
toluene/acetone (V/V). All pesticides in Table
1 were found to be soluble to at least 10
mg/mL.

6. Spiking solutions for calibration (step 9) and
media fortification (steps 10, 11).
NOTE: Spiking solutions may contain more

than one analyte.
a. Spiking solution SS-1: Dilute the volume

of stock solution indicated in column F of
Table 11 to 10 mL with toluene or 90/10
toluene/acetone.

b. Spiking solution SS-2: Dilute 1 mL of SS-
1 solution with toluene in a 10-mL
volumetric flask.

 7. Purified gases: Helium, hydrogen, nitrogen,
dry air, and oxygen, (if required by detector).

* See Special Precautions

EQUIPMENT:

1. Sampler: glass tube, 11-mm ID x 13-mm OD
x 50 mm long, with the outlet end drawn to a
6-mm o.d. x 25 mm long tube. The enlarged
part of the tube contains a 270-mg front
section of 20/60 mesh XAD-2 sorbent or
equivalent held in place by a 9 to 10-mm o.d.
quartz fiber filter and polytetrafluoroethylene
(PTFE) retaining ring. The front section is
separated from the back section of 140 mg
XAD-2 sorbent or equivalent with a short plug
of polyurethane foam. The back section is
held in place by a long plug of polyurethane
foam. The tube is available commercially as
the OVS-2 sampler. See Figure 2.
NOTE: Some OVS-2 tubes contain glass fiber

filters, as specified in the OSHA
methods (see Table 10). These tubes,
however, did not perform as well for
the more polar analytes (amides,
phosphoramides, and sulfoxides; see
Table 9). Low or erratic recoveries for
Malathion may be encountered with
glass fiber filters.

2. Personal sampling pump, 0.2 to 1 L/min. with
flexible connecting tubing, preferably silicon,
polyethylene, or PTFE tubing.

3. Vials, 4-mL with PTFE-lined cap; 2-mL GC
autosampler vials with PTFE-lined crimp caps.

4. Gas chromatograph, flame photometric
detector with 525-nm bandpass filter for
phosphorus mode, integrator, and column
(Table 6).

5. Syringes, 5-mL and 100-, 50-, and 10-mL for
making standard solutions and GC injections.

6. Volumetric flasks, 500-, 10-, and 2-mL.
7. Tweezers.
8. GC vial crimper.
9. Small ultrasonic cleaning bath.

SPECIAL PRECAUTIONS: Organophosphorus
compounds are highly toxic. Special care must be
taken to avoid inhalation or skin contact through
the wearing of gloves and suitable clothing when
handling pure material [13-17].

Toluene is flammable and toxic. Acetone is highly
flammable. Prepare all samples in a well ventilated
hood.

SAMPLING:

1. Calibrate each personal sampling pump
with a representative sampler in line.

2. Connect the sampler to personal sampling
pump with flexible tubing. The sampler
should be placed vertically with the large
end down, in the worker’s breathing zone in
such a manner that it does not impede work
performance. [4, 12]

3. Sample at an accurately known flowrate between 0.2 and 1 L/min for a total sample size of 12
to 240 L.
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4. Cap both ends of the sampler with plastic caps and pack securely for shipment.

SAMPLE PREPARATION:

5. Remove cap from large end and remove PTFE retainer ring; transfer filter and front XAD-2
section to a 4-mL vial. Transfer the short polyurethane foam plug along with back-up XAD-2
section to a second 4-mL vial.

6. Add 2 mL of desorbing solvent to each vial using a 5-mL syringe or 2-mL pipette. Cap each vial.
7. Allow to stand 30 minutes, immerse vials approximately 15 mm in an ultrasonic bath for 30

minutes. Alternatively, place the vials in a shaker or tumbler for 1 hour.
8. Transfer 1 to 1.5 mL from each 4-mL vial to a clean 2-mL GC vial, cap and label.

CALIBRATION AND QUALITY CONTROL:

9. Calibrate daily with at least six working standards covering the analytical range of the method
for individual analytes.
a. Add known amounts of calibration spiking solution (SS-1 or SS-2 according to schedule in

Table 11) to desorbing solution in 2-mL volumetric flasks and dilute to the mark.
NOTE: If an internal standard is included in the desorbing solution, then exactly 2 mL of

desorbing solution in a volumetric flask must be concentrated slightly under a gentle
stream of nitrogen in order to accommodate the specified volume of the spiking
solutions. After adding the spiking solutions to the slightly concentrated desorbing
solution, dilute to the 2-mL mark with toluene or 90/10 toluene/acetone.

b. Include a calibration blank of unspiked desorbing solution.
c. Analyze together with field samples, field blanks, and laboratory control samples (steps 12

and 13).
d. Prepare calibration graph (peak area vs. µg analyte), or if internal standard (IS) is used

(peak area of analyte/peak area of IS vs. µg analyte).
10. Prepare Laboratory Control Samples (LCS) with each sample set, in duplicate.

a. Remove cap from large end of sampler tube. Apply 30 µL of spiking solution SS-1 to face
of quartz fiber filter. Cap and allow to stand for a minimum of 1 hour. Preferably, these
should be prepared as soon as samples arrive and should be stored with the field samples
until analyzed.

b. Include an unspiked sampler as a media blank.
c. Analyze along with field samples and blanks, and liquid calibration standards (steps 12

through 16).
11. When extending application of this method to other organophosphorus compounds, the following

minimal desorption efficiency (DE) test may be performed as follows:
a. Determine the NIOSH REL, OSHA PEL, or ACGIH TLV in mg/m 3.
b. Prepare spiking solution SS-1 (refer to Table 11, or use the following formulae, which are

specific for the calculation of the weight of analyte to add to 10 mL toluene/acetone 90:10).
For REL > 1 mg/m 3 (assuming 12-L collection vol.), let W = REL x 4 m 3

For REL ≤ 1 mg/m 3 (assuming 120-L collection vol.), let W = REL x 40 m 3

where W = weight (mg) of analyte to dissolve into 10 mL of desorbing solvent.
Let [SS-1] = W/10 mL where [SS-1] = concentration of spiking solution SS-1 in mg/mL.
Let [SS-2] = [SS-1] x 0.1 where [SS-2] = concentration of spiking solution SS-2.

d. Prepare three tubes at each of five levels plus three media blanks. Concentration at each
level may be calculated using formulae in entry 20, part II of Table 11.
i. Remove plastic cap from large end of sampler, apply appropriate volume of spiking

solution to face of quartz fiber filter following schedule in part I of Table 11.
ii. Cap and allow sampler to stand overnight.

e. Prepare tubes for analysis (Steps 5 through 8).
f. Analyze with liquid standards (Steps 12 and 13).
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g. Prepare a graph of desorption efficiency (DE) vs. µg of analyte.
h. Acceptable desorption criteria for 6 replicates is >75% average recovery with a standard

deviation of <±9%.

MEASUREMENT:

12. Set gas chromatograph according to manufacturer’s recommendations and to conditions listed in
Table 6 and on page 5600-1. Inject sample aliquot manually using solvent flush technique or
with autosampler. See Table 7 for retention times of selected analytes.
NOTE: If peak area is greater than the linear range of the working standards, dilute with

desorbing solution or with desorbing solution (containing internal standard) and
reanalyze. Apply the appropriate dilution factor in calculations.

13. Measure peak area of analyte and of internal standard.

CALCULATIONS:

14. Determine the mass in µg (corrected for DE) of respective analyte found in the sample front (W f)
and back (W b) sorbent sections, and in the media blank front (B f) and back (B b) sorbent
sections.
NOTE: The filter is combined with the front section. If W b > W f/10, report breakthrough and

possible sample loss.
15. Calculate concentration, C, of analyte in the air volume sampled, V (L): 

CONFIRMATION:

16. Whenever an analyte is detected, and its identity is uncertain, confirmation may be achieved by
analysis on a second column of different polarity. If primary analysis was performed using a
non-polar or weakly polar column (DB-1 or DB-5), confirmation should be accomplished by
reanalysis on a polar column (DB-1701 or DB-210). See Table 7 for approximate retention times
for each column type. Fewer analytes co-elute on DB-210 than on DB-1701. Relative retention
times are more convenient for the identification of unknown analytes. If Parathion is not used as
the retention time reference compound, then another related compound such as tributyl
phosphate, Ronnel, or triphenyl phosphate may be substituted.

EVALUATION OF METHOD:

This method was evaluated over the ranges specified in Table 5 at 25 °C using 240-L air samples.
Sampler tubes were tested at 15% and 80% relative humidity and at 10 °C and 30 °C. In these tests,
test atmospheres were not generated; instead, analytes were fortified on the face of the sampler filters.
This was followed by pulling conditioned air at 1 L/min. for 4 hours. No difference in sampler
performance was noted at any of these temperature/humidity combinations. Evaluations of sampler
precision and stability were conducted at 30 °C and 15% relative humidity. Overall sampling and
measurement precisions, bias, accuracy, and average percent recovery after long-term storage are
presented in Table 5. No breakthrough was detected after 12 hours of sampling at 1 L/min with a
sampler fortified with the equivalent of 4x the NIOSH REL. Malathion and Ronnel were tested at 1/40 x
REL, Sulprofos at 1/20 x REL (See Table 5, note 4). All criteria [9] were met.
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