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SUMMARY

An jon chromatographic procedure is described for the scparation and deter-
mination of methyl and ethyl phosphates, phosphorothioates and phosphoric acid in
aqueous solutions at the part per million level. The separations are achieved on
columns of low capacity anion-exchange resin with sodium carbonate-bicarbonate
eluent. Detection is accomplished by a combination of conductivity and UV absor-
bance at 210 nm. The UV detector gives more specificity and sensitivity for organo-
phosphorothioates, while discriminating against a strong chloride interference with
the conductimetric detection of the dialkylated organophosphorothioic acids.

INTRODUCTION

- In the past gas chromatographic (GC) methods for measurement of organo-
phosphoric and erganophosphorothioic acids in waste brines and foodstufis' have
been employed. The acids must be isolated from the water and derivatized with
diazomethane before analysis, however. Thin-layer chromatography (TLC) has also
been 2 popular technique for determining the acids®* but it suffers from many
disadvantages, non-quantitative results, extraction is required and difficulties with
visualization of the developed TLC plate.

Recently an ion chromatographic determination of dibutylphosphate in water
was reported’. We also were inspired by the development of ion chromatography and
achieved an ion chromatographic procedure for determining the methyl and ethyl
phosphates and phosphorothioates in water. However, the major components of
interest,  diethylphosphorothioic acid (DEPT) and dimethylphosphorothioic acid
(DMPT) were obscured by chloride in the samples of interest.

Since organophosphates are not detectable by UV absorption it was decided
to retain the conductivity detector for this determination and to add a UV detector to
the conductivity ccll outlet. This would take advantage of the strong UV absorption
properties: of the phosphorothxmc acids and d:scnmma.te agamst the chlonde
interference. -~ :
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Apparatus - - . ' . Ce T

' -A schematic of the analytical system used is shown in Fig. 1. Three 300 x
2.8 mm glass columas packed with a low-capacity 2nion-exchange resin agglomerated
on 180-230 mesh surface-sulfonated styreme divinyl benzene, 0.011 mequiv./g
capacity were useq. One 300 X 2.8 mm glass column, packed with Dowex AG 50W-
X16 high-capaciiy cation-exchange resin, 200400 mcsh in the hydrogen form was
employed. Sodiumm carbonate-scdivm bicarbonate, 0.0012 Af each in distilled
deionized water at 1.0 ml/min flow-ratc was used as eluent. A Mcdern Metalcraft
BM-2 coaductivity cell and a Perkin-Elmer LC-55 UV detector at 210 nm were used.
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Fig. 1. Schematic diagram of apparatus.

The sumple size was 170 gl. A small 100 X 2.8 mm glass column packed witk: cation-
exchange resin was connected to the outlet of the analytical system to eliminate bubble
formation from the carbonic acid in the eluent.

Reagernts ‘ o - .
Analytical-grade sodium carbonate and sodium bicarbonate were used to
prepare the mobile phase. For regeneration of the stripping column, 1.0 N reagent-
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. grade nitric’ acxd was used. The stnpper ‘was tegenerated for about 20 min and then
washed wzﬂl deionized’ water unt:l the column effiuent was. neuttal (m 15 mm)

Standardis ‘

o The standards and other reagents used, when commerc:al]y available, were
technical grade or better. Three, however, were prepared in the Agricultural Synthesis

Group at Dow. They were potass’um O,0-diethylphosphate (KDEP), potassium
'0,0-dicthylphosphorothioate (KDEPT) aad potassium O,0-dimethylphosphoro-

- thioate (KDMPT). They were analysed by phosphorus 3!P nuclear magnetic resonance
(NMR) and by infrared (IR) spectrometry for impurities and verification of structure.
All three standards showed traces of water by IR, but only in the case of KDMPT
was any other impurity detected. From the NMR spectrum the KDMPT standard
appears to contain about 4% of what is suspected to be O-methyl-O-ethylphosphoro-
thioate. The monoethylphosphoric (MEP) and monomethylphosphoroic (MMP)
acids were obtained commercially and found by titration with standard base and by
NMR to be mixtures of roughly equal concentrations of the corresponding mono-
and disubstituted organophosphoric acids. The structures of the compounds of
interest are shown in Fig. 2.
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Fig. 2. Structures of components.
RESULTS AND D:SCUSSIO\Z‘

‘ In the ongmal work three separatmg columns of an amon-exchange resin
prepared in our laboratories were used. In a later work, analysis of chloropyrifos-
methyl, 2 Dow product, was performed using only one separating column obtained
from Dionex (Sunnyvale, Calif., U.S.A ). The obtained separations were comparable
to thaose obtained in the original work. However retention times with the Dionex
column were much shorter. Chloride still proved to be a major interference for the
detection of DEPT and DMPT by conductivity and the UV detector was required.



. Seh. BOUYOUCOS, B N’. ARI&EMROETE

Fig.3xsaUVspeeknmquDEFrmwatet,obtamdwzthaCary!759ectm-
ph-otometnr -From. the spectrum the 2I0nm operating- w&?elength for the UV
detectorwaschoscn .

Absorbance

Fig. 3. UV absorption spectrum of potassium 0,0-dicthylphosphorothicate.

In Figs. 4 and 5 the dual chromatograms for the cthyl and methyl substituted
phosphorus species are shown. Chloride at 2.5 ppm has been added in one case to
demoastrate the interference observed for the phosphorothioic acids using the con-
ductivity cell response. The eiuent strength was chosen as a compromise between
short retention times for disebstituted phosphates and long retention times for mono-
substituted phosphates.

‘When water is infected into the system a negative response results near the
void voiume of the column, and hence near the elution time of the disubstituted
phosphates. This makes quantitation for them difficuit. The negative peak is the
result of 2 momentary decrease in the carbonic acid concentration in the eluent, and
can be eliminated by preparing the standards in the eluent or by adding to carbonate
free water samples 1.0% of 100-fold concentrated eluent. Table I lists the estimated
detection limits that would have given signal-to-noise ratio of 2.5 on the day the

) pama.la. standards were run. By optimizing the clution times for anyonc pamcular
species, better detection limits could be achieved.
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Fig. 4. Dual detector chromatograms of ethyl substituted phosphorus spcczs.

TABLE
ESTIMATED DETECTION LIMITS
Signal-to-noise ratio, 2.5.

Compound Dete.:tar

Conduectivity UV 210 i

(mgfl) (mgll)
Dicthylphosphate - 06 : —
Dimethylphosphate 04 —
Diethylphosphorothioate 09 0.2
Dimethylphosphorothioate 09 0.2
Dictiylphosphate 232 —

Mgoanocthylphosphate 1.6 : —

Table II lists the retention times and capacity factors for the organophosphorus
species tested and for somne typical compounds that could be expected in water
‘samples. It is not possible to separate adequately the mono- and dimethylphosphates
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Fig. 5. Dual detector chromatograms of methyl substituted phosphorus species.

TABLE N

ELUTION TIMES FOR ORGANOPHOSPHATES, PHOSPHOROTHIOATB AND SOME
POTENTIAL INTERFERENTS

Compownd Elution Capacity . uv
tirne (rtn) factor respornse

Dicthylphosphate 44 0.1 No
Dimethyiphosphate 44 . 0.1 No
Acetate 54 04 Yes
Glycolate 54 04 Yes
Fermate 63 0.7 Yes
Monochloroacetate 88 : 13 Yes
Biethylnkosphoraothicate 11.8 21 Yes
Dimethyiphosphorothicate 12,5 23 Yes
Chloride 140 27 No -
Dichloroacetate 23 50 Yes
-Monoecthylphosphats . 28 &3 ‘No
Moaomethylphosphate ' 3t 71 No - ,
Orthophogphate - - -~ . " >60 P >18 0 o Ne e

Sulfats >60 >15 No
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. ftom thexr compoudmg ethyl phosphat&, but when ail are pment at. su:m!ar Ievels

- the pezks are noticeably broadened indicating more than one species. :

‘ Fig. 6 shows the standard curves (peak height versus concentration) for

T-monoethy!phosphate dtethytphosphate and diethylphosphorothioate, using the con-
‘ductivity cell response. Excellent linearity over the relatively narrow concentration
range was observed. The UV responses for the phosphorothioic acids were linear also
and would be expected to remain so over a much broader concentration range. The
conductivity response, however, is generally more concentration dependent and
would have to be tested before analyzing more concentrated samples.
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Fig. 6. Standard curves for conductivity detector.

Applzcatwns

Orgarzophosphates in waste brines. Organophosphates were determined by the
procedure described in this paper in waste brines without any sample preparation.
Fig. 7 is a chromatogram of a 250-fold diluted composite brine stream sample from
several plants. The conductivity cell response indicates the presence of about 6 ppm
DEP and the UV response for DEPT corresponds to 5 ppm in the diluted sample.
Improved accuracy of the DEP mult couId be done using a more dnlute eluent if
needed. :
EXERR yd’mlysts rates jbr ﬁet&ylpkosphorodtlandothwate ( DEPCT) and dimethyl-
pi:ospixorochlandathzaate (DMPCT). The rates of formation of DEPT and chloride
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Fig. 7. DEPT in wastie brine stream.

ion from DEPCT and DMPT plus chloride from DMPCT were followed using the
ion chromatographic system with combined UV and conductivity detection. A 4-6-ul
volunie of the compound to be studied was injected into a minimum amount of dry
acetonitrile, and the mixture was guickly diluted with water or 2 weak base to 100 ml.
Samples were then periodically withdrawn and apalyzed. Fig. 8 shows one set of the
chromatograms obtained in this study, and the resulting formation curves for DEPT
in water and in the mobile phase are plotted in Fig. 9. As can be seen the compound
hydrclyzed very fast in water and faster in the eluent, so the results are not totally
accurate. A better techanique for this siudy wouald be to quench the reaction at about
5-min intervals with a kexane or isooctane extraction to remove the uareacted DEPCT
from the water. Then each extracted water sample could be analyzed with no time
dcpendcnu: for the analysis. Nevertheless the study demoanstrates the ease for deter-
mmmg the reaction rates and the products formed when phosphoms compounds
such as pesticides are hydrolyzed.

Organophosphorus acids in production chloropyrifos. Thc lIevels of the organo-
phosphorus acids were determined in production chloropyrifos after they were
extracted with deionized water from 2 carbon tetrachlcride solution. A 500 X 3 mm
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Fig. 8. Chromatograms of DEPCT hydrolysis study.

separating column and a 250 X 6 mm suppressor columa both available from Dionex
were used.

Extraction procedure

A 2-g amount of saiaple was dissolved in 10 m! of carbon tetrachloride and
thea extracted with 20 ml of deionized water for 5 min on a mechanical shaker.
After the phases separated (=1 min), 5 ml of the water layer was filtered into a pre-
washed vial using 2 Swinney filter holder and 5.0 gm Mitex (PTFE) Millipore filter.
The filtered water was again extracted with 5 ml carbon tetrachloride for 1 min, 50 gl
of 100-fold concentrated eluent (0.10 ¢ Na,CO; -+ 0.1 M NaHCO,) was added,
and then the water phase was removed for subsequent analysis.

Deionized water rather than the cluent was used as cxtracting solvent to
decrease any possible slow hydrolysis of chloropyrifos which may occur in a basic
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Fig. 9. Hydrolysis of DEPCT to DEPT in water.

solution. The effect of the extraction time on the recovery of methyl phosphorus
compounds was evaluated. Known amounts of each compound were added into
purified chloropyrifos-methyl dissolved in carbon tetrachloride. Then 5- and 10-min
extractions with deionized water and carbonate-bicarbonate solution were performed.
The resulting data listed in Table III indicates very good recoveries using water or the
eluent as extracting solvent. However, quantitation of DMP was impossible due to
the inicrfercnce by an unknown. Another unknown detectable with both detectors
and which was identified as bromide did not interfere with any of the species of
interest. Fi ig. 10 shows dual detector chromatograms of methyl substituted phos-
phorus specics, phosnhoric acxd and brom:de

TABLE HI
RECOVERY STUDY OF ORGANOPHOSPHORIC ACIDS
Sample Extraction ~ DMPT MMP PO ,
Solvent Min ppm  ppm Recovery ppm  ppm Recovery ppm  ppm  Recovery
added found (%) added found (% added foand (%) °
P l ! ! E . V. - v . )w‘ N - - ) ) .
pynfos—methyl Eloent 5 197 19 94 1.2 12 9 - 716 713 102 -
pyrifos-methyl Flueat 5 394 39 99 250 25 w0 - 1432 141 98
Ptxrm ch!om— ‘ - . 3 - TR .
pyrifos-methy! Eluent 5 3% 39 99 3.75 3.7 99 2150 0S5 95 .
pyrifos-moethyl Water 5 344 34 99 —_ - —_ — - —_
Purified chioro- .
99 - - .- - - -

pyrifos-methyl Water 10 344 34
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Fig. 10. Dual detector chromatograms of methyl substituted phosphorus species and phosphoric
acid.

CONCLUSIONS

The ion chromatographic technigue described provides the best truly quanti-
tative procedure for conveniently measuring trace organophosphoric acids in water.
Addition of the UV detector to the analytical system permits the simultaneous
measurement of UV absorbing phosphorus compounds with the nomn-absorbing

phosphates.
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