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SUMMARY / 

The concentration technique known as on-line trace enrichment was applied to 
the analysis of over 100 drinking water samples for carbofuran and five of its car- 
bamic and phenolic metabolites. Levels of 1 ppb* could be determined from 3 ml of 
sample: The proposed method demonstrates shorter total analysis time than previous 
methods but is readily applicable only to relatively clean samples. A gas chromato- 
graphic method used as a confirmatory technique for detecting carbofuran and 3- 
hydeoxycarbofuran is also presented. External standards data, detection limits, rela- 
tive retention volumes, and sample spike compound recoveries are presented for the 
trace enrichment method. 

INTRODUCXION 

Carbofuran (2,2-dimethyl-2,3-di~ydrobenzofuranyl-7-N-methylc~b~ate) is 
a broad-spectrum insecticid-ematocide used for the control of insects in such crops 
as alfafa, peanuts, ricei corn, rapeseed, and potatoes. Although less persistent than 
orgtiochiorine pesticides, &rbofuran (I, Fig. 1) is more toxic (rat oral LD,, of 11 
mg/kg)’ and is a ch~6lin&terase inhibitor_ Recent findings of carbofuran and Aldicarb 
in groundwater supplies of Long Island, New York, have ‘raised concern over the 
compounds’ migrationand trti~rt characteristics after their application to crops. 
Th& cqbamic (II, III) md phenolic (IV-VI) tieta6olites (Fig. 1) are also of interest 
because-of-their toxicity,- and they may serve as indicators of previous carbofuran 
contamination_ As part of g U.S. Environmental-Protection-Agency-(EPA) project 
surveying groundtiter’ for select& pesticides, Midwest &search Institute (MRI) 
sought a tie@od-to analyze some 130 samples for carbofur& and its metabolites- 

Pretioti methods of ainalysis for the determination of carbofuran and its me- 
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Fig. 1. Stnrftures of carbofuran (I), 3-hydroxycarbofuran (II), 3-ket-bofurao (III), carbofuran phenol 
(IV), 3-hydroxycarbofuran-Fphenol (V), and 3-ketocarbofuran-7-phenol (VI). 

tabolites have been directed towards various plant and animal tissues. These methods 
generally have employed extensive cleanup procedures to separate the compounds of 
interest from interfering lipids and other hydrophobic materials and have frequently 
employed derivatization procedures to enhance chromatography and sensitivity_ Gas 
chromato_mphic (GC) methods have used both derivatization procedure@ and 
direct chromatography with nitrogen specific detectionW to achieve the needed sensi- 
tivity. Additional direct GC methods have been applied to water and soil ma- 
trices~“_ Recent methods have employed high-performance liquid chromatography 
(HPLC) as a means of separation and detectionutilizing both derivatization”: r4and 
non-derivatization’5-‘7procedures. All of these methods, however,require an extrac- 
tion step, if not also a cleanup and derivatization step, somewhere in the procedure- 

The selection of an analytical procedure was constrained by the requirements 
of (a) I-ppb sensitivity, (b) an interest in ah forms, (c) the limited sample volume of 
200400 ml, and (d) the preference for a single procedure. These criteria eliminated 
the published GC and HPLC methods in that no single procedure was applicable to 
the wide range of compounds. A new procedure was developed using on-column trace 
emichment1*21 to meet all the criteria. 

Reagents 
Solvents were purchased as distilled-in-glass grade from Burdick & Jackson 
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Labs. (Muskegon, MI, U.S.A.) and degassed by vacuum filtration through a mem- 
brane filter. Chromatographic grade water was obtained from a Mill&Q-Reagent 
grade water system (Millipore, Bedford, MA, U.S.A.), which was modified to pro- 
duce a lower concentration of organic contaminants by installing two charcoal car- 
tridges at the end of the train. Aqueous filters (0.45 jmr) were also obtained from 
Millipore. The sodium sulfate was obtained from Mallinkrodt (St. Louis, MO, 
U.S.A.). Chromatographic standards were obtained from the EPA Health Effects 
Research Laboratory (Research Triangle Park, NC, U.S.A.). 

Apparatus 
A Varian Model-3700 gas chromatograph equipped with a thermionic specific 

detector (TSD) and a Varian Model CDS-I 11 integrator was used in this study. The 
column utilized was a 0.91 m x 2 mm I.D. glass column packed with 3% OV-101 
(Supelco, Bellefonte, PA, U.S.A.). After the initial temperature of 150°C was held for 
I min, the temperature was increased at a rate of IOT/min to lSO”C_ The injector and 
detector temperature were 190°C and 2OO”C, respectively_ The detector flow-rates 
were 3 ml/mm for hydrogen and 175 ml/min for air, and the detector bead current 
was 4.5 A_ 

The liquid chromatograph consisted of two Waters series 6000A solvent de- 
livery systems controlled by a Model 660 solvent programmer, a singlechannel 
Model 440 detector operated at 280 nm, and a modified U6K injector (Waters Assoc., 
Milford, MA, USA_). The U6K injector was adapted for this work by replacing the 
original 2-ml injection loop with a 1 m x 2.64 mm I.D. x 3.18 mm 0-D. length of 
stainless-steel tubing. A PBondapak C,, (300 x 3.9 mm I.D.) column obtained from 
Waters Assoc. was used. The peaks were integrated by a Varian Model CDS-l I 1 
integrator_ The standard operating procedures selected for trace enrichment reversed- 
phase elution analysis utilized a flow-rate of 2 ml/r&n starting at 100% water and 
stepping up to 50% methanol by setting the prolile selector to the 1 position with a 
program length (delay) of 5 min. 

Sayzple preparation 
For GC analysis, a lOO-ml aqueous sample was placed in a 250-ml separatory 

funnel and extracted with three 50-ml portions of dichloromethane for 1 min each 
time. The extracts -were each drained into a 250-ml Kuderna-Danish apparatus 
through a 10-g column of Na,SO,. A Snyder column was attached and the extract 
concentrated to ca. 5 ml on a stream bath. The concentrated extract was transferred 
to a 7-ml vial and evaporated to dryness under a stream of nitrogen. Acetone (1 ml) 
was added, and the extract was stored in a refrigerator until analyzed by GC-TSD_ 

For the trace enrichment method, the general procedure was to measure the 
sample into a IO-ml volumetric flask and injects 10 fl of a 5-rig/@ solution of carbaryl 
internal standard into the solution. -The spiked sample was transferred to a IO-ml 
glass/rellon~syringe equipped.with a 0.45-p aqueous filter, and 5 ml were injected 
into the sample loop of the U6K injector_ The sample was then-loaded onto the 
column by switching the inject lever to inject and simultaneously starting the re- 
corder, integrator, and solvent programmer. 

_ . . . 
-. 
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Sample ccilection and storage 
Samples were collected from either private or community well sources. Water 

was taken directly from a household tap after allowing the water to run for 1 mix, and 
placed in a i-1 bottle containing 1 g of sodium thiosulfate. The bottle was sealed with 
a PTFE-lined cap and maintained at 4°C during shipment and storage. Sampling 
began October 29th, 1979, and ended December 22nd, 1979. 

RESULTS AND DISCUSSION 

The trace enrichment method discussed here was originally developed to quan- 
titate and verify the base hydrolysis of carbofuran (I) to carbofuran phenol (IV). 
Prehminary GC studies indicated that almost no carbofuran or 3-hydroxycarbofuran 
(II) was recovered after I week in tap water at a pH of 9.5. The GC method, however, 
could not show the concurrent increase in the phenolic hydrolysis products, and it 
was this fact that prompted the develdpment of the trace enrichment method. 

Monitoring the stability of carbofuran in water (spiked at 100 ppb) by the 
trace enrichment method gave the results shown in Fig. 2. This agrees with previous 
&dings’ , which show the hydrolytic instability of carbofuran and its carbamic me- 
tabolites. Base hydrolysis of carbofuran begins immediately in tap water at pH 9.5, 
and its hydrolysis product, carbofuran phenol, is formed concurrently with mass 
balance of the two compounds varying between SO and 113 % recovery. At pH 6.5, no 
formation of the phenolic product from carbofuran was observed over the period of 
the l-week study. Similar results might be expected for the hydrolysis of 3-hydroxy- 
carbofuran (II) to 3-hydroxycarbofuran-7-phenol (V) and 3-ketocarbofuran (III) 
to 3-ketocarbofuran-7-phenol (VI)‘, but results were not quantitated due to lack of 

standards at the time the stability studies were being carried out. 
Since hydrolysis occurs in basic solution and since many of the samples to be 

analyzed could be expected to be basic, the presence of carbofuran or its major plant 
metabolite, 3_hydroxycarbofuran, in drinking water would be bigbly unlikely2t25_ 
Because of the limited sample volume (less than 100 ml in some cases), the proposed 
GC method utilized a very sens&ive and specific detector, the TSD. This fact, how- 
ever, eliminated the method’s usefulness for the more probable phenolic metabolites. 
It was these facts, then, that led to the use of the less selective but equally sensitive 
HPLC method for the analysis of carbofuran and its metabolites. 

The initial seIection of the HPLC solvent system for the separation of carbo- 
furan and metabolites was based on earlier work completed at MRI which analyzed 
for carbofuran in wastewater utilizing a sirnpIe dicbloromethane extraction method 
with solvent exchange into acetonitrile. The solvent system used for the earlier work 
was acetonitrile-water (1~1). When this system was used to chromatograph carbo- 
furan phenol, it was found that the phenol and its precursor (carbofuran) coeluted. 
Different ratios of acetonitrile to water did not affect resolution, but when the solvent 
system was changed to methanol-water, resolution was achieved. Initially themeth- 
anol-water solven; system included 1 9/0 (v/v) acetic acid in the aqueous phase to 
ensure protonation of-the phenolic metabolites- The acetic acid was soon eliminated, 
however, becat&? tt did not affect resolution of these metabolites. 

When the final step gradient system to methanol-water (1 :l) was being chosen, 
it was shown that up to 50 ml of water could be passed through the analytical Cts 
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Fig_ Z Carbofuan stability in tap water at pH 9.5 and 6.5. 

column, after a lO-,~l injection of the compounds of interest in methanol, without 
altering the shape or resolution of the peaks. This fact assured us of being able to 
inject sizeable amounts (1-5 ml) of drinking water directly onto the analytical 
column. The Waters U6K injector was modiied to accept a 5-ml sample volume by 
removing the standard 2-ml sample loop and replacing it with CQ. 6-ml volume loop 
for the sample. The use of the step gradient to methanol-water (1: 1) after 5 min of 
pumping 100 % water at 2 ml/min ahowed the 5-ml sample to be concentrated on the 
head of the column and gave an additional 2.5 min for any non-retained polar con- 
stituents to be eluted from the column before the step to methanol-water. 

Detection limits based on 5 ml of sample as well as retention time windows 
relative to Carbaryl are given in Table I. The detection limits amounts for these 
compounds produced a signal which was twice the noise levei at 0.005 a.u.f.s. For an 
individual sample, the detection limits could be higher due to interfering peaks. This 
was especially true for the first four metabolites, but virtually no peaks were seen to 
interfere with carbofuran or carbofuran phenol. 

Retention time windows were used to identify carbofuran and its metabolites 
since the absolute retention times of the compounds and the internal standard varied 
slightly with the differences of ssmple matrices_ The earlier eluting metabolites, which 
were most affected by changes in pohuity and system anomalies, were assigned larger 
reter@n time windows than the later eluting compounds because of their greater 
variability. 

All samples were screened for carbofuran and its metabolites (except 3-keto- 
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TABLE I 

RELATIVE RETENTION TIMES AND DETECI’ION LIMITS FOR CARBOFUR4N AND ME- 
TABOLITES 

._ 

Compound Defeclion Relative retenrion 
limit (ppb)* time lvtiw* 

3-Hydroxycarbofuran-7-phencl 1 0.67 f 0.01 
3-Hydroxycarbofuran 1 0.71 + 0.01 
3-Ketocarbofuran 5 0.80 f 0.005 

3-Ketocarbofuran-7-phenol 5 0.81 -+ 0.005 
Carbofllran 1 0.91 * 0.005 

Carbofuran phenol 1 0.95 +- 0.005 

Carbaryl (internal standard) - 1.00 

* Determkd at 280 nm in a 5-mI sample. 
* Determined on a C,, column using a step gradient from 100 % water to 50% methanol after 5 min. 

Flow-rate 2 ml~min. 

carbofuran) by comparison with external standards. Standard curves were generated 
daily from three to four mixed standards by using linear regression. A compilation of 
the average areas for each compound and the relative standard deviations for each 
compound at a given level over the period of analysis (CO. 5 weeks) are given in Table 
II_ Also given in Table II are correlation coefficients for standard curves constructed 
from the average areas for each compound. 

Limited data were obtained for 3-ketoearbofman-7-phenol because of its rela- 
tively low sensitivity and its tendency to coelute with a compound present in the 
methanol as the column began to lose resolution. Although the relative standard 
deviations for the compound responses were large, especially at the lower levels, the 
correlation coefficients for the standard curves show good agreement. 3Xetocarbo- 

TABLE II 

EXTERNAL STANDARD SUMMARY 

Statbtics Standard 
levek 

(ppb) 

Compounds 

3-H_vdroxy- 3-Hydroxy- 3-itixo- Gubcf~an Carbofuran 
corbofuran- carbofuran carbofwan- phenol 
7-pheno I 7-phenoi 

Number of 1 
data points 5 

25 
Average area 1 

5 
25 

Reiative 1 
standard 5 
deviation 25 

Co&tion 

15 15 
25 24 
20 16 
29-4 149 
88-5 50.0 

3139 251.4 
40.5 44-O 
25.6 29-O 
121 16.4 
0.999I 0.9998 

2 
10 
5. 
3.0 

227 
119;4 

-t 

-27.3 
20.8 

6.9999 

21 21 
26 25 
19 21 
9.8 9.2 

39.0 41.2 
229.4 246.4 
2!3.8 w-4 

.2x - 21.5 
17.5 
0.9994 

8.7 
0.9995 



HP&C OFCARBOFURAN AND MFTABOLITES 495 

stepm&-adient to 
--I 



SA
M

PL
E 

SP
IK

E 
RE

CO
VE

RI
ES

 
_,

 
__

.-*
 

..._
__

_.
__

.r
l 

-- 
._

.- 
-“_

 
_.

 ._
_-

.. 
_.

.. 
I. 

.- 
- 

.._
_ 

_,
._

.. 
.“,

 .
 _

 
. 

..-
_ 

_ 
. 

. 
_ 

__
 

-.
_,

 
. 

. 

3”
llJ

Yl
W

S,
P 

cv
tr

bq
jir

rw
 

7.
/~

hl
w

r~
l 

_I
 

._
._

 
.- 

- 
1.

. 

ls
pi

/i iI
ll:

 /
iI I

’d
” 

__
__

__
-.

 
._

. _
.._

__
_.

_ -.
.-

_ 
._

.-
. ,

--
__

 .
.-

. 

” 
. ‘%

lR
 

._
_ 

._
. 

-_
 

.--
 

__
. 

. 
,_

 .,
_ 

“/
, R

 
S

pi
kh

rg
 lc

w
l 

_.
 ,_

 .
_.

. _
__

-_
__

_ ._
. 

. . .
 

%
R

 
--

-_
. 

0 
I -0

69
.0

5O
OC

**
* 

Ol
-0

69
~

20
6C

 
: 

0I
-10

9.
17

01
c 

5 
04

.0
19

.3
Ol

C 
5 

04
-0

21
-0

35
5-

01
 

I 
04

-0
27

-I 
02

C 
5 

06
-0

29
.0

 
18

OC
 

5 
06

.0
39

.2
Ol

C 
I 

10
 

06
.0

39
.2

03
C 

I 
06

.0
39

.2
03

C 
2 

06
.0

39
.2

03
c 

5 
06

.0
39

.2
03

C 
10

 
06

-0
99

-I 
39

5C
 

5 
06

.0
99

.3
05

C 
5 

13
.3

21
.2

OI
C 

5 
13

.3
21

.2
01

C”
 

5 
13

.3
21

.2
74

OC
 

5 
26

.0
49

.3
06

C 
5 

27
-l 

19
.10

2~
00

1 
5 

28
-l 

33
.0

34
5c

 
5 

28
.13

3.
10

3C
 

5 
36

.0
51

.3
OI

C 
5 

45
.0

x9
.3

04
C 

5 
48

.2
79

.10
6C

 
5 

Av
cr

ng
c 

rc
co

vc
ry

 
Rc

ln
tiv

e 
st

un
dr

rr
d 

dc
vi

ad
on

 

.._
...

 _ 
__

._
 

_ 
. _

.. 
. . 

‘%,
 

R”
” 

S/
Ji

ki
lJ

g 
he

/ 
. .

---
_. 

_ 
_“

__
_ 

-- 
.- 

. 

94
 

5 
‘5

 
” 

90
 

85
 

5 
5 

III
 

49
 

5 
S 

73
 

II4
 

5 
5 

H2
 

ob
sf

i’l 
1 

I 
10

0 
64

 
5 

5 
10

2 
76

 
5 

5 
RI

 
ob

s 
IO

 
IO

 
90

 
71

 
I 

I 
74

 
82

 
2 

2 
15

0 
ob

s 
5 

5 
10

5 
I2

1 
IO

 
IO

 
99

 
90

 
5 

5 
95

 
86

 
5 

5 
79

 
97

 
5 

5 
IO

1 
99

 
5 

5 
II9

 
94

 
5 

5 
8g

 
6K

 
5 

5 
63

 
46

 
5 

5 
10

5 
UK

 
5 

5 
ob

s 
90

 
5 

5 
ob

s 
13

7 
5 

ob
s 

5 
ob

s 
5 

87
 

26
 

__
c-

-_
--L

-- 
__

_ 
__

_.
I_

.. 
_.

__
_ 

.-_
__

” 
-..

-- 
---

- 
--.

--.
. 

-_
__

-_
-_

_-
 

__
.- 

_-
-. 

_ _
__

_.
__

__
 _

._
_.

__
~

__
__

__
__

__
 

* 
Sp

ik
in

g 
lc

vc
ls

 
nr

c 
gi

ve
n 

in
 p

pb
. 

E
 

**
 P

cr
cc

nt
ng

c 
re

co
ve

ry
. 

?!
 

**
* 

C 
in

di
cr

ltc
s 

th
is

 
sa

m
pl

e 
W

IIS
 I

I c
om

po
si

te
, 

u * 

I S
am

pl
e 

bu
s 

pI
1 

of
 9

.6
; 

w
us

 s
pi

ke
d 

iln
d 

st
or

ed
 

24
 !

I 
bc

fo
rc

 
nn

sl
ys

is
, 

0 
Su

m
pl

c 
sp

ik
ed

 
af

te
r 

fil
tr

at
io

n 
in

 
th

is
 i

ns
la

nc
c.

 
I I

 I 
Re

co
ve

ry
 

ob
sc

ur
ed

 
by

 i
nt

er
fe

ri
ng

 
pe

ak
. 

77
 

93
 

82
 

67
 

29
7 74

 
93

 
60

 
10

5 92
 

48
 

60
 

15
2 80

 
96

 
10

5 84
 

74
 

R7
 

77
 

82
 

74
 

74
 

97
 

93
 

52
 

Sp
ik

iJ
Jg

 
/w

/ 
._

_ 
__

 
. 

. 

5 
’ 

5 IO
 

10
 2 5 5 20
 2 4 IO
 

20
 5 5 5 5 5 IO
 

IO
 

IO
 

IO
 

10
 

IO
 

IO
 

10
5 

5 
82

 
5 

ob
s 

5 
ob

s 
5 

oh
s 

I 
IIH

 
5 

10
5 

5 
ob

s 
IO

 
ob

s 
I 

ob
s 

2 
ob

s 
5 

oh
s 

IO
 

90
 

5 
III

 
5 

II0
 

5 
I0

0 
5 

75
 

5 
10

5 
5 

84
 

5 
ob

s 
5 

01
1s

 
5 

ob
s 

5 
ob

s 
5 

ob
s 

5 

99
 

14
 

90
 

93
 

62
 

85
 

10
7 96

 
79

 
67

 
53

 
l6

H 76
 

65
 

94
 

12
3 

10
3 97

 
US

 
63

 
82

 
ob

s 
ob

s 72
 

5 
63

 

77
 

5 
91

 

cp
 

77
 

5 
91

 
j: 

87
 

93
 

28
 

21
 

h E 

.-
 

.I
 



HPLC OF CARBOFURAN AND METABOLITES 497 

furan was not screened in the samples because of its hydrolytic instability and because 
it virtually coelutes with its hydrolysis product. Since it hydrolyzes ca. 165 times more 
rapidly than carbofuran’, it was more likely to be found as 3-ketocarbofuran-7- 
phenol. 

The trace enrichment method was applied to the’analysis of 132 well-water 
samples or sample composites. The results of the analyses of all well-water samples 
were negative (below the detection limits)_ Those samples suspected of containing 
carbofuran or any of its metabolites were subjected to either spiking at 5 ppb and 
reanalysis by trace enrichment or extraction and GC-TSD confirmation. 

Interpretation of the sample chromatograms was facilitated by spiking one 
sample out of a group of samples which showed the same pattern of peaks. The 
addition of the compounds of interest to a sample such-as this eliminated any doubt 
as to the identity of a given peak in the unspiked samples and also gave method 
recovery valu& for those compounds in that sample matrix. Table III gives percent 
recoveries and spiking levels for 20 samples. 

Carbofman recoveries at all levels tested were 87x, with a relative standard 
deviation of 28 % (Table III). In general, recoveries for all metabolites were better 
than 85 %_ Sample 06-039-203 composite (see Table III) was spiked at four different 
levels in an attempt to observe any patterns in recoveries at different spiking levels. 
No trends were observed and recoveries at the 1-ppb level were good except for 3- 
ketocarbofuran-7-phenol and carbofttran, both of which were partially or totally 
obscured by interfering peaks. Sample 13-321-201 composite was spiked at the 5-ppb 
level both before and after l%ltration to see if any losses were incurred by filtration; no 
difference in recoveries was observed_ Sample 06-039-201 composite (PI-I 9.6) was 
spiked at 10 ppb and allowed to stand for 24 h before analysis. The low recoveries for 
carbofuran (67 %) and 3-hydroxycarbofuran (60 %) in this situation can probably bc 
attributed to the base hydrolysis of those compounds to the corresponding phenols 
although an increase in the phenol recoveries was not observed. 

Figs. 3-5 show chromatograms of a Ippb mixed standard, a typical sample, 
and the same sample spiked at 5 ppb. Only five samples were suspected to contain 
carbofirran or 3-hydroxycarbofuran. These samples were subjected to the GC 
method, but none were found to contain either carbamate residue. The detection 
limits were 1 ppb for carbofuran and 5 ppb for 3-hydroxycarbofirran by this plethod. 
Poor chromatography for 3-hydroxycarbofuran contributed to its high detection 
limit. 

CONCLUSIONS 

On-line trace enrichment for the analysis of carbofuran and metabolites in 
drinking water without the use of a precolumn is an effective means of analysis._ The 
advantages of this method lie in its simplicityand its sensitivity_ Instrument modifi- 
cation requires no special valves or fabricated parts and cou’d he easily done in any 
laboratory v&h a similar instrument_ Since there is virtually no sample preparation 
other than spiking the sample with the internal standard and Wering, the total analy- 
sis time for-each sample is essentially the HPLC run time, or ca_ 30 min (including re- 
equilibration of the HPLC system). A detection limit of 1 ppb (in 5 ml of sample) is 
easily achievable for carbofuran and most of its metabolites without benefit of solvent 
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extraction or derivatizationprocedures. If the volume of sample concentrated on the 
head of the column is increased, and this is highly possible, then even lower detection 
limits can be attained_ The basic concept should be applicable, with some modifi- 
cations. to other compounds with similar polarities and hydrophobic properties. 
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