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SUMMARY

A high-performance liquid chromatographic method is described for determin-
ing carbaryl and its hydrolysis product, 1-naphthol, in water at residue levels by direct
injection and trace enrichment. Water from three sources, public water supply,
stream and the ocean, was analyzed for carbaryl and 1-naphthol at concentrations as
low as 3.78 and 10 ppb*, respectively, without a clean-up, concentration or derivatiza-
tion step. Carbaryl was detected at 0.1 ppb and 1-naphihol at 0.5 ppb by employing
a concentration step involving a C, g Sep-Pak cartridge. The coeflicients of variation
for all determinations ranged from 2.5 to 10.7%,. Fourteen other widely used pesti-
cides —carbofuran, methomyl, thiram, azinphos-methyl, benomyl, monuron, diuron,
propham. chlorpropham, pentachlorophenol, the oxygen analogue of azinphos-
methyl, pentachloronitrobenzene, simazine and atrazine— were chromatographed
using this system. Pentachioronitrobenzene, diuron and thiram interferec with the
determination of 1-naphthol, whiie atrazine co-chromatographed with carbaryl.

INTR.ODUCTION

Carbaryl (1-naphthyl methylcarbamate) is a broad-spectrum insecticide that is
used extensively because of its effectiveness and low acute mammalian toxicity (the
oral LDy, to rats is 560 mg/kg). However, recent studies have indicated that carbaryl
may “e a viral enhancer! and a teratogen®. Because of this new information about
chronic toxicity and because of its wide use near water supplies and soil, a rapid,
accurate and sensitive method is needed to determine carbaryl and its degradation
product, 1-naphthol, in water.

Numerous spectrophotometric*”, gas chromatographic and liquic ciro-
matographic methods3®™*° have been developed to analyze carbaryl and/or 1-naph-
thol, but these procedures require at least one of the following lengthy steps: der-
ivatization, concentration and/or clean-up before the analysis can be performed. A
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* Throughout this article, the American billion (10%) is meant.
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recent high-performance liquid chromatographic (HPLC) method>° involving an
electrochemical detecter shows promise for determining low concentrations of several
carbamate pesticides, but not carbaryl or 1-naphthol, in water without performing
any of these time-consuming steps.

The method described here involves a rapid, accurate and sensitive HPLC
procedure for the determination of carbaryl and l-naphthol in water at low ppb
concentrations by direct injection of the sample. For amounts lower than those de-
termined by direct analysis, a concentration step involving a C,g Sep-Pak cartridge
was developed.

EXPERIMENTAL

Solvents and pesticides

Acetonirrile and water were of HPLC grade and were purchased from Fisher
Scieniific (Pittsburgh, PA, U.S.A)). Carbaryl with a purity of 99.9%, was used as
received from Union Carbide (South Charleston, WV, U.S.A.), but I-naphthol, pur-
chased from Fisher Scientific, was recrystallized twice from ACS-grade chloroform
(Fisher Scientific). All other pesticides were obtained from the Environmental Protec-
tion Agency (Research Triangle Park, NC, U.S.A.) with purities ranging from 98 to
99.9 9¢. All standards were dissolved in ACS-grade methanol, and HPLC-grade ace-
tonitrile was used to elute carbaryl and 1-naphthol from the C,g Sep-Pak cartridge
(Waters Assoc., Milford, MA, U.S_A)); ACS-grade methanol and HPI.C-grade water
were employed to activate the Sep-Pak.

Water samples

Water samples were of three types —drinking, stream and salt water. The
drinking water was obtained from the laboratory, the stream water was collected in
Orc10 (ME, U.S.A.) and the salt water from the Atlantic Ocean in Sullivan (ME,
US A).

Standard preparation

Stock solutions of carbaryl were prepared in methanol at 0.1 mg/ml for the
trace-enrichment study and at 0.75 mg/ml for direct-analysis experiments. A stock
solution of 0.2 mg/ml of 1-naphthol in methanol was used for both studies. All other
pesticide stock solutions were prepared by appropriate dilutions with methanoi.

Apparatus

The HPLC system incorporated a Waters Assoc. 6000A pump, a U6K injector,
and a differential refractometer, together with a Schoeffel (Westwood, NJ, U.S.A))
variable-wavelength UV detector and a Houston Instruments (Austin, TX, U.S.A))
dual-pen recorder. The column (30 cm x 4 mm I.D.) was of uBondapak C, gz (Waters
Assoc.; particle size 10 um). Operating conditions were: mobile phase, acetonitrile—
water (43:57); flow-rate, 1 mi/min; column temperature, ambient; wavelength, 222
nm; attenuation, 0.04 a.u.r.s.; and chart speed, 0.4 in./min.

For trace-enrichment studies, a Fluid Metering (Oyster Bay. NY, U.S.A))
pump (Model RP-SY) was employed. Connections at the outlet and inlet ends of the
pump were made with PTFE tubing with a frit (pore size 10 gm) at the inlet and a
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Waters Assoc. C,; Sep-Pak cartridge at the outlet. The flow-rate was set at 22.2
ml/min.

Analytical procedure

Direct analysis. Water samples as received and spiked were filtered (2 ml)
through a 0.45-um Millipore aqueous filter (Waters Assac.) and injected (230 pl)
directly into the HPLC system. The injection volume varied with concentration;
water samples containing 3.78 to 20 ppb of carbaryl and 1-naphthol were injected at a
volume of 230 pl, while 23-u1 portions of samples spiked at 150 to 200 ppb were
injected.

Trace enrichment. Water samples (1000 ml) were spiked with 99 ng of carbaryl
and passed through an activated C,; Sep-Pak cartridge using the Fluid Metering
pump. The Sep-Pak was activated by pre-wetting the cartridge with 4 ml of methanol
followed by 5 ml of water. To elute the carbaryl and 1-naphthol adsorbed on the
packing, 2 ml of acetonitrile was passed through the cartridge; a 50-z1 aliquot was
injected into the HPLC system. When ocean water was analyzed by trace enrichment,
it was necessary to remove the salt water trapped in the Sep-Pak by passing 4 ml of
HPLC-grade water through the cartridge before the acetonitrile elution step.

RESULTS AND DISCUSSION

Table I lists the results from three types of water samples that were spiked with
carbaryl and 1-naphthol at concentrations from 3.78 to 207 ppb. All samples were
chromatographed without any clean-up, concentration or derivatizing step. Such a
procedure is not only rapid and simple, but also is quite precise, with coefficients of
variation ranging from 2.48 to 7.78 %} for six consecutive injections of each type o.

TABLE I
DIRECT ANALYSIS OF CARBARYL AND I-NAPHTHOL BY HPLC

Each value represents the mean of six samples analyzed.

Water Carbaryl 1-Naphthol Blank
Source for

Level Peak height C.V. Level Peak height C.V. both

spiked {crm) (%) spiked (cm) (%)

(ppb) (ppb)
Salt 3.78 0.48 4.58 10.0 0.66 5.92 0
Salt 7.55 0.87 4.25 20.5 1.49 2.95 0
Salt 15.10 1.64 2.50 207.0 1.38 3.99 0
Salt 151.00 1.62 3.09 - — - 0
Stream 3.78 0.44 4.55 10.0 0.67 5.46 0
Stream 7.55 1.12 7.50 20.5 1.26 4.68 0
Stream 15.10 1.96 703 207.0 1.33 3.98 0
Stream 151.60 2.26 248 — - — V]
Drinking 3.78 0.54 7.78 10.0 0.56 5.17 0
Drinking 1.55 1.22 3.52 20.5 1.18 4.07 0
Drinking 15.10 2.11 5.21 207.0 1.15 2.96 0
Drinking 151.00 2.08 4.76 - - - 0
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water at each spiking level. The majority of these coefficients are less than 59, (Table
I). It should be noted that different types of water containing the same concentration
of carbaryl or 1-naphthol do not have the same peak height. For examplie salt, stream
and drinking water spiked with carbaryl at a concentration of 3.78 ppb yielded
carbaryl peak heights of 0.48, 0.44 and 0.54 cm, respectively. This was probably due
to the water matrix and/or variation in such HPLC conditions as the composition of
the mobile phase from day to day. In order to obtain the most accurate results, one
should make the working standard for each compound in a water matrix as near as
possible in composition to the sample being analyzed; also, the standard should be
prepared each day. Although the lowest concentrations detected in this study by
direct injection of water was 3.78 ppb for carbaryl and 10.0 ppb for 1-naphthol, it
should be possible to detect 1.5 ppb of carbaryl and 3.5 ppb of 1-naphthol, provided
that the sample matrix is free of co-chromatographing compounds, by injecting 460
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Fig. 1. Chromatogram of (A) salt water and (B) salt water spiked with 3.78 ppb of carbaryl and 10.0 ppb of
I-naphthol: direct injection. Solvent system, acetonitrile-water (43:57); flow-rate, I ml/min; detector sensi-
tivity. 0.04 a.u.fs.; wavelength, 222 nm; chart speed, 0.4 in./min; amount injected, 230 ul. Peaks: 1 =
carbaryl; 2 = 1-naphthol.
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¢l and setting the detector sensitivity to 0.02 a.u.fis. A typical chromatogram of a
spiked salt-water sample and its blank is shown in Fig. 1. There are no interfering
peaks, as can be determined from the blank, and even though peak heights are small
at these low concentrations, the precision is not adversely affected (Table I).

Analysis time is lengthy, 8-11 min before both compounds are eluted, but in
many instances this time is needed to prevent interference. A shorter analysis time can
be attained,when possible, by increasing the acetonitrile concentration by 10—15 9.

Several other pesticides and metabolic products were chromatographed using
the same conditions as above; their retention times are listed in Table II. Of these
fourteen compounds, only atrazine would interfere with the analysis of carbaryl, and
thiram. diuron and pentachloronitrobenzene would co-chromatograph with i-naph-
thol.

TABLE II
NAMES OF PESTICIDES AND METABOLIC PRODUCTS USED

Pesticide or Chemical name Retention time

metabolic product
cm min
Carbaryl 1-Naphthyl methylcarbamate 8.60 8.74
I-Naphthol 1-Hydroxynaphthalene 9.75 991
Methomyl (1-Methylthioethylidene) amino methylcarbamate 3.80 3.86
Thiram Bis(dimethylthiocarbamyl)disulfide 9.65 9.80
Azinphos-methyl 0,0-Dimethyl S-{4-0x0-1,2,3-benzotriazin-3(4H)-ylmethyl] 16.55 16.81
phosphorodithioate

Oxygen analogue of  0,0-Dimethyl O-[4-0x0-1,2.3-benzotriazin-3(4H)-yl methyl] 545 5.54
azinphos-methyl phosphorodithioate

Benomyl Methyl (1-butylcarbamoylbenzimidazol-2-yl)carbamate 4.35 4.42
Monuron 3-(p~-Chlorophenyl)-1,1-dimethylurea 11.31 11.49
Diuron 3-(3.4-Dichlorophenyl)-1,1-dimethylurea 9.65 9.80
Propham Isopropyl carbanilate 11.75 11.94
Chlorpropham Isopropyl-m-chlorocarbanilate 21.40 21.74
PCP Pentachlorophenol 4.75 4.83
PCNB Pentachloronitrobenzene 9.85 10.01
Simazine 2-Chloro-4,6-bis(ethylamino)-s-triazine 6.55 6.65
Atrazine 2-Chloro-4-ethylamino-6-isopropylamino-s-triazine 9.00 9.14
Carbofuran 2,3-Dihydro-2,2-dimethylbenzofuran-7-yl methylcarbamate 7.45 7.57

In order to be able to detect and quantify carbaryl and 1-naphthol in water at
concentrations lower than those possible by direct injection, trace enrichment using a
C, s Sep-Pak cartridge was developed; the results are given in Table III. Water sam-
ples were spiked with carbaryl at 0.099 ppb and 1-naphthol at 0.516 ppb. Recoveries
ranged from 94 to 107 9, with coefficients of variation from 4.72 to 10.77 %,. Typical
chromatograms of the trace enrichment of carbaryl and 1-naphthol are shown in
Figs. 2 and 3.

Unlike the direct-analysis samples, carbaryl and 1-naphthol were trapped sep-
arately in the trace-enrichment procedure. This was because the acid added to the
water in order to determine l-naphthol caused many more compounds to be ad-
sorbed on the Sep-Pak, and these compounds interfered with analysis for carbaryl
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TABLE I
C, SEP-PAK ENRICHMENT OF CARBARYL AND I-NAPHTHOL
Each value represents the mean of five samples analyzed.

Carbaryl 1-Naphthol Blank
for
Water Level Recovery Cc.v. Level Recovery C.V. both
source spiked (%) (%) spiked (%) (%)
{ppb) (ppb)
Drinking 0.099 - - 0.516 94.1 6.24 0
Stream 0.0%9 98.9 5.41 0.516 9438 4.72 0
Salt 0.099 107 10.77 - - - 0
a 8
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Fig. 2. Chromatogram of (A) stream water and (B) stream water spiked with 0.099 ppb of carbaryl: trace
enrichment with C,, Sep-Pak. Amount injected, 50 ul; other conditions as in Fig. 1. Peak: 1 = carbaryl.



HPLC OF CARBARYL AND 1-NAPHTHOL 141

\

-

—)
2 1 2 3 4 5 6 7 8 9 1w 2 1t 2 3 4 5 6 7 8 9 10
TIME[min] TIME[min]

Fig. 3. Chromatogram of (A) stream water and (B) stream water spiked with 0.516 ppb of 1-naphthol;
trace enrichment with C,, Sep-Pak. Conditions as in Fig. 2. Peak: 1 = I-naphthol.

(but not that for 1-naphthol). Further, the capacity of 1-naphthol on these C,g car-
tridges was between 1.2 and 2.6 ug (recovery of 1.2 ug of l-naphthol was 100 %,
whereas that of 2.6 ug was 86.7 %). The break-through amount for carbaryl was never
determined, since even for 4.5 ug of carbaryl the recovery was still near 100 9. Thus,
carbaryl at concentrations from 0.1 to 4.5 ppb could be determined by passing 11 of
water through a Sep-Pak cartridge. However, 1-naphthol at concentrations from 0.5
to 10 ppb was not as easy to determine, since, at the 0.5-ppb level, 500 ml of water
could be used, but at 10 ppb only 100 ml of water could be employed (capacity
factor).

A study was conducted to determine how many times a Sep-Pak cartridge
could be re-used. Under our conditions, each cartridge could be used three times;
obviously, the ability to re-use the cariridge would have to be determined for each
water source analyzed.

The detector response is linear from 0.1 to 151 ppb for carbaryl and from 0.5 to
207 ppb for l-naphthol. However, when performing trace-enrichment determi-
nations, the standard curve must be determined by using standards that are dissolved
in 3040 ml of HPLC-grade water and passed through a Sep-Pak cartridge, followed
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by elution with 2 ml of acetonitrile. If the standards are not prepared in this manner,
the concentraticns of carbaryl and 1-naphthol in the unknowns will be incorrect,
since the standards passed through the cartridge gave slightly higher peaks than those
not passed through; this was not due to contamination, since the blank samples were
clean.

A comparison between the C, 4 trace-enrichment technique and the methylene
chloride extraction technique was done for carbaryl. Five salt-water samples were
spiked at 0.087 ppb and extracted with methylene chloride; the mean recovery was
47.1 %, with - coefficient of variation of 41.79;. When compared with the trace-
enrichment results (Table III), one can see that extraction with methylene chloride at
this level is not good. Also, there were many late eluting peaks from the methylene
chloride extracts, which interfered with other injections. This was not observed in the
trace-enrichment studies.

CONCLUSIONS

The large extinction coefficients for carbaryl and 1-naphthol at 222 nm and the
relatively pure simple matrix of water, permits the determination of these two com-
pounds in water at low ppb levels by directly injecting the sample into an HPLC
system. The method could also be used to analyze for other carbamate pesticides due
to their high extinction coefficients between 206 and 222 nm. This procedure is much
faster and simpler than previously published methods for analyzing carbaryi and |-
naphthol in water; it also offers the advantage of not having to work with extracting
solvents like methylene chloride. Lower concentrations of these compounds in water
can be determined by trace enrichment.
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