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Direct aqueous injection analysis (DAI) with gas chromatographic separation and ion trap mass spec- 
tral detection was used to analyze aqueous samples for pg/L levels of 54 volatile and semivolatile 
compounds, and problematic non-purgeables and non-extractables. The method reduces sample han- 
dling, increases sample throughput, and avoids the use of solvents ordinarily required for solvent 
exchange and analyte pre-concentration which would otherwise require disposal as hazardous waste. 
Aqueous standards containing volatile and semivolatile organic compounds were directly injected in 
0.1 -pL volumes into a 0.22-mm id capillary column interfaced to an ion trap mass spectrometer. Peak 
shape was adequate for quantification, and method detection limits for replicate injections (n=7) 
ranged from 3 to 20 OOO pg/L, averaging 100 p a .  Precision (BRSD) was calculated at each level 
for each compound and averaged 12% at the highest level. Analysis of domestic tap water readily 
revealed the presence of three trihalomethanes (chloroform, dichlorobromomethane, and chlorodi- 
bromomethane) at the Iow-FgR. level. Analysis of an aqueous sample from a hazardous waste site 
monitored the presence of various volatile and semivolatile compounds at mg/L levels. 

Keywords: Direct aqueous injection; volatile organic pollutants; tap water; GC-MS 

INTRODUCTION 

The development of simpler, faster, and less costly methodologies for the analy- 
sis of pollutants is part of the U. S. Environmental Protection Agency’s (EPA), 
and specifically the Office of Research and Development’s (ORD) continuing 
mission New methods are needed to provide data for exposure assessment 
and for decision making in safeguarding or restoring the environment. New ana- 
lytical methods are developed to take advantage of new technologies, address 
new environmental concerns, or analyze for newly formulated industrial chemi- 
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cals that have potential to become environmental pollutants. Therefore, method 
development is an ongoing process within ORD and is a vital element to main- 
tain confidence in the EPA’s ability to make effective decisions. 

This manuscript deals with one such method, GC-MS analysis by direct aque- 
ous injection (DAI). DAI was first explored by Grob et a1 [41 in 1983. Injecting 
0.5 to 2 pL of water, they measured 5 volatile halogenated organics in drinking 
and ground water. A thick-filmed, apolar column and electron-capture detector 
(ECD) were used to gave low-ppb-range detection limits. ECD detection, due to 
its sensitivity and specificity, is particularly amenable to DAI analysis. Halogen- 
ated organic semivolatiles can be analyzed in this manner as well as halogenated 
volatiles [5961. A more recent advance in DAI have expanded to GC-MS analysis 
of alachlor and its degradation products [71 using a standard low polarity (5% 
diphenyl and 95% dimethyl polysiloxane) column. Common polar solvents, such 
as acetone, acrolein, butanone, and 1A-dioxane have also been analyzed by 
DAI-GC-MS [81. Using a distillation step to pre-concentrate the sample, DAI was 
successfully applied to treated waste water from a pharmaceutical factory. 

Gas chromatograhy with mass spectral identification (GC-MS) has been an 
EPA stalwart technology for many years. Recent innovations in ion trap technol- 
ogy have increased GC-MS sensitivity and utility. Ion traps can now perform tan- 
dem mass spectrometry to make sample “clean-up” possible by preferentially 
trapping target analytes and expelling background or matrix ions from the mani- 
fold [9,101. The added sensitivity has made direct analysis of samples without 
pre-concentration possible L 1  ‘$I2]. Typically, ion trap mass spectrometers can 
identify picogram quantities in the full scan mode. This translates to part-per-bil- 
lion (pg/L) sensitivity with pL injection volumes. 

Because of this increased sensitivity, ion trap mass spectrometers have been 
used increasingly for the analysis of environmental samples, especially aqueous 
samples. Specifically, ion traps have been used, with and without sample 
pre-concentration, to analyze for triazines in water and soil [13], semi-volatiles in 
water [14,151, petroleum products (benzene, toluene, ethyl benzene, and xylenes) 
in water [I6], and volatile organics in water [I7]. 

This study will define a proposed EPA method that can directly analyze both 
volatile and semivolatile compounds by direct aqueous injection (DAI) into a gas 
chromatograph with subsequent ion trap mass spectral detection. The method 
detection limits, concentration range, analytes, injection volume limitations, and 
target list have been determined. These method parameters will be submitted to 
the SW-846 Work Group for potential incorporation as an appendix into EPA 
Method 8270. 
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ANALYSIS OF VOLATILES 19 

EXPERIMENTAL 

GC/ITS instrumentation 

Experimentation was carried out on a Finnigan (Sunnyvale, CA) Magnum ion 
trap mass spectrometer using Version 3 software. The separation column was an 
SGE, Inc. (Austin, TX) 12-m by 0.22-mm BPX-5 fused-silica capillary column 
coated with a 1 .O-pm film of bonded 5% phenyl polysilphenylene siloxane liquid 
phase. The end of the analytical column was inserted directly into the vacuum 
manifold. These capillary column dimensions maintained helium flow into the 
manifold to the manufacturer recommended 1.5 mL/min at the initial pressure 
conditions. The ion trap detector was scanned from 42 to 300 amu at 0.6 scads 
(each scan was an average of 3 pscans) with the manifold temperature at 250 "C, 
a 58-s solvent delay, and a 100 mmu/100 amu mass defect. To facilitate the 
exclusion of m/z 18 from the manifold, the fnst tune segment RF storage poten- 
tial was set to 240 digital-to-analog conversion units (DACs). The gas chromato- 
graph was a Varian (Walnut Creek, CA) Model 3400 equipped with a septum 
programmable injector (SPI) and a CTC Model A200S autosampler. A Pen- 
tiumTM personal computer controlled the autosampler, GC, and MS acquisition. 
After a 5-min hold, the GC was temperature programmed from 40 to 184 "C at 
8 deg/min, followed by 25 deg/min to 300 "C with a final hold of 2.6 min (total 
run time 30 min). The initial linear velocity was 38 cm/s with a helium head 
pressure of 5 psig. The transfer line was held at 300 "C. The SPI injector was 
held at 100 "C for 30 min and upon completion of the run was ramped at 
200 deg/min to 300 "C and held for 4 min. 

Preparation of standard solutions 

Standards of the target analytes were Supelco-certified : Appendix-IX-a Volatile 
Screening Mixes B, C, D, E (catalog numbers 4-8107 through 4-8110), Appen- 
dix IX Semivolatile Calibration Mix 3 (catalog number 4-7382), and Methyl 
t-Butyl Ether (catalog number 4-8483). These comprised 59 volatile compounds 
(see Table I) at 2 000 pg/mL in methanol. All purities were certified to be 97.6% 
pure or greater. The sealed amber ampules were opened when needed and imme- 
diately diluted and analyzed within 8 hours. The diluted aqueous standards were 
made directly in the 1.8-mL autosampler vial by addition of the appropriate vol- 
ume (between 1 and 18 pL/vial) of methanolic stock solutions (or a secondary 
diluted stock solution) using a 10-pL syringe. Injection of 0. 1 pL of the aqueous 
samples preceded by a 2 y L  air gap was performed in replicate (n=7) with a dis- 
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20 STEVEN M. PYLE and ALVIN B. MARCUS 

tilled water blank between each concentration level. Sample concentrations were 
10, 50, 100, 500, 1 OOO, 5 OOO, and 10 OOO pg/L in distilled water. A low injec- 
tion volume was used to maximize column life while still giving adequate preci- 
sion. Quantitation ion peak areas were determined by Magnum software and 
imported into a spreadsheet for further calculation. The method of external stand- 
ardization was used for quantitation. 

The MTBE-contaminated well sample was analyzed by 0.5-pL aqueous injec- 
tion into a splitkplitless injector (split injection at 300 "C with 50: 1 split ratio). 
The MTBE standard was used for establishing retention time but did not give a 
consistent quantifiable spectrum due to its co-elution with residual water. 

RESULTS AND DISCUSSION 

Analysis by direct aqueous injection uses no sample pretreatment, while also 
usually achieving part-per-billion ( p a )  sensitivity over a three-decade range. 
Additionally, volatiles and semivolatiles can be analyzed simultaneously, allow- 
ing for faster analyses. 

Table I shows the results of the concentration versus detector response study 
for the 54 analytes along with their quantitation ions and retention time scan 
numbers. Replicate injections (n=7) were performed at each level to determine 
precision (expressed as percent relative standard deviation (% RSD)) and the 
method detection limits (MDLs). The MDL calculation is based on a statistical 
argument [11  and is defined as the minimum concentration of a substance greater 
than zero that can be measured with 99% confidence. The MDLs range from a 
low of 3 pg/L for ethyl benzene to 20 800 pg/L for 4-aminobiphenyl, with a 
median value of 103.5 pg/L. In general, the precision of the replicate analyses 
trends according to MDL, with greater certainty (lower % RSDs) at the higher 
concentrations for the more sensitive compounds. Of the possible 59 analytes, 
only 54 were quantifiable due to either poor water solubility or the GC elution 
temperature was too high for the column. The 5 non-quantifiable analytes at the 
end of the table are included for completeness. 

Figure 1 shows the logflog plot of the average relative response of the 54 ana- 
lytes (each response normalized to the highest concentration) versus concentra- 
tion over the three-decade range. The solid line is the least-squares regression fit 
forced through zero. A linear model is maintained at the higher concentrations 
but at the lower end of the concentration range, the correlation becomes more 
logarithmic. Individual response curves also show this characteristic behavior. 
The nonlinearity at low concentrations will add to the uncertainty in this region. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
0
7
 
1
7
 
J
a
n
u
a
r
y
 
2
0
1
1



TA
B

LE
 I 

A
na

ly
tic

al
 d

at
a 

fo
r 5

9 
vo

la
til

e o
rg

an
ic

 p
ol

lu
ta

nt
s 

(in
 o

rd
er

 o
f r

et
en

tio
n 

tim
e)

 

%
 R

SD
 

lO
p

g
L

 
SO

pg
/L

 
lO

O
pg

/L
 

SO
O&

VL
 

Im
g/

L 
5m

g/
L 

lO
m

g/
L 

no
. 

co
m

po
un

d 
qu

an
 io

n 
Sc

an
 

M
D

L 
(p

g/
L

) 

1 2 3 4 5 6 7 8 9 10
 

I1
 

12
 

13
 

14
 

15
 

16
 

Tr
ic

hl
or

of
lu

or
om

et
ha

ne
 

A
ce

to
ne

 

1.
1 -

D
ic

hl
or

oe
th

en
e 

Io
do

m
et

ha
ne

 

A
cr

yl
on

im
le

 

D
ic

hl
or

om
et

ha
ne

 

tr
an

s-
 1

,2
-D

ic
hl

or
w

th
en

e 

1,
1 -

D
ic

hl
or

oe
th

an
e 

2-
B

ut
an

on
e 

ci
s-

 1,
2-

D
ic

hl
or

oe
th

en
e 

B
ro

m
oc

hl
or

om
et

ha
ne

 

Tr
ic

hl
or

om
et

ha
ne

 

1.
1,

 I-
Tr

ic
hl

or
w

th
an

e 

1,
2-

D
ic

hl
or

w
th

an
e 

Te
tra

ch
lo

ro
m

et
ha

ne
 

B
en

ze
ne

 

10
1 

43
 

96
 

14
1 

52
+5

3 

49
 

96
 

63
 

43
 

96
 

49
 

83
 

97
 

62
 

11
7 

78
 

10
6 

11
9 

11
5 

14
0 

14
1 

I4
5 

17
2 

19
0 

21
3 

22
7 

25
0 

25
5 

29
4 

32
3 

33
0 

33
2 

8 

46
45

 

18
7 

11
1 

94
6 

17
4 

26
8 

17
58

0 

12
61

 

82
 1 

16
0 

14
 

61
 

96
 

7 12
 

25
.3

 
38

.5
 

32
.0

 
37

.8
 

6.
9 

12
. 1

 

29
.6

 

59
.4

 
35

.4
 

9.
7 

2.
1 

70
.9

 
45

.0
 

49
.6

 
20

.7
 

29
.6

 

60
.2

 
20

.2
 

52
.5

 

55
.5

 
35

.2
 

16
.3

 
4.

4 

85
.3

 
93

.8
 

13
.6

 
48

.5
 

11
1.

9 

40
.1

 
33

.7
 

52
.2

 
11

.5
 

32
.2

 

48
.4

 
24

.8
 

31
.9

 

43
.1

 
28

.7
 

23
.2

 
38

.0
 

15
.1

 
18

.3
 

38
.9

 
22

.8
 

32
.3

 
13

.1
 

12
.8

 

30
.6

 
32

.8
 

18
.1

 
25

.5
 

21
.2

 
52

.6
 

22
.7

 
33

.1
 

9.
8 

11
.4

 

39
.0

 
24

.6
 

23
.0

 
30

.7
 

14
.4

 
16

.8
 

3.
1 

7.
2 

2.
6 

59
.9

 
> 

4.
2 

z > 5 - 
4.

8 
m

 

71
.4

 
41 

82
.9

 
F 8 

5.
0 

F E <
 

29
.2

 

11
.8

 

2.
2 

11
.5

 

4.
3 

4.
7 

3.
8 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
0
7
 
1
7
 
J
a
n
u
a
r
y
 
2
0
1
1



%
 R

SD
 

IO
pg

/L
 

50
pg

/L
 

lO
O

pg
/L

 
5O

O
pg

L 
lr

ng
/L

 
5m

g/
L 

lO
m

g/
L 

no
. 

co
m

po
un

d 
qu

an
 io
n 

Sc
an

 
M

D
L 

(p
g/

L
) 

17
 

18
 

19
 

20
 

21
 

22
 

23
 

24
 

25
 

26
 

27
 

28
 

29
 

30
 

31
 

32
 

33
 

Tr
ic

hl
or

oe
th

en
e 

1.
2-

D
ic

hl
or

op
ro

pa
ne

 

D
ib

ro
m

om
et

ha
ne

 

B
ro

m
od

ic
hl

or
om

et
ha

ne
 

4-
M

et
hy

l-2
-p

en
ta

no
ne

 

ci
s-

 1.
3-

D
ic

hl
or

op
ro

pe
ne

 

M
et

hy
lb

en
ze

ne
 

tr
an

s-
 1

.3
-D

ic
hl

or
op

ro
pe

ne
 

1,
1,

2-
Tr

ic
hl

or
oe

th
an

e 

2-
H

ex
an

on
e 

Pe
rc

hl
or

oe
th

en
e 

D
ib

ro
m

oc
hl

or
om

et
ha

ne
 

1,
2-

D
ib

ro
m

oe
th

an
e 

N
-N

itr
os

o-
n-

m
et

hy
 le

th
yl

am
in

e*
 

C
hl

or
ob

en
ze

ne
 

1,
1,
1,
2-
Te
tr
ac
hl
or
oe
th
an
e 

13
0+

13
2 

62
+6

3 

17
4 

83
 

43
 

75
 

91
 

75
 

83
 

43
 

16
4+

16
6 

12
7+

 12
9 

10
7+

10
9 

88
 

11
2 

13
1+

13
3 

43
4 

44
6 

45
4 

47
0 

54
2 

54
7 

61
5 

63
 1 

66
3 

68
5 

72
2 

72
9 

75
9 

79
9 

84
7 

86
8 

Et
hy

lb
en

ze
ne

 
91

 
88

0 

8 12
3 

85
5 

16
 

99
9 15
 

4 16
 

18
 

50
7 11
 

11
 

13
 

10
26

1 

5 25
 

3 

25
.1

 

50
.1

 

46
.6

 

13
.6

 

52
.2

 

58
.0

 

33
.8

 

33
.8

 

42
.9

 

14
.5

 

32
.0

 

10
.4

 

32
.1

 

26
.4

 

35
.1

 

26
.5

 

23
.5

 

30
.8

 

46
.6

 

20
.3

 

20
.3

 

30
.6

 

16
.1

 

22
.5

 

25
.3

 

39
.1

 

17
.2

 

29
.2

 

19
.3

 

20
.9

 

13
.8

 

13
.1

 

26
.5

 

17
.7

 

17
.6

 

13
.7

 

18
.3

 

32
.6

 

32
.3

 

54
.4

 

35
.1

 

63
.6

 

34
.2

 

32
.5

 

32
.5

 

33
.1

 

24
.3

 

35
.4

 

34
.1

 

32
.0

 

31
.7

 

29
.7

 

13
.0

 

15
.4

 

32
.3

 

13
.8

 

23
.2

 

15
.7

 

10
.3

 

15
.8

 

11
.9

 

16
.1

 

8.
4 

14
.2

 

16
.5

 

12
.1

 

10
.0

 

8.
8 

15
.7

 

21
.2

 

21
.5

 

21
.9

 

34
.6

 

19
.0

 

18
.4

 

17
.8

 

22
.2

 

34
.5

 

8.
4 

21
.5

 

22
.2

 

18
.8

 

18
.3

 

24
.8

 

5.
1 

4.
4 

5.
0 

3.
1 

4.
9 

0.
7 

6.
7 

1.
8 

2.
3 

5.
3 

9.
6 

3 .O
 

2.
4 

32
.6

 

6.
1 

4.
1 8.
2 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
0
7
 
1
7
 
J
a
n
u
a
r
y
 
2
0
1
1



%
 R

SD
 

IO
pg

/L
 

5O
pg

/L
 

1O
Op

g/
L 

50
0p

g/
L 

Im
g/

L 
5m

gL
 

IO
m

gL
 

no
. 

co
m

po
un

d 
qu

an
 i
on
 

Sc
an

 
M

D
L 

(p
g

L
) 

34
 

35
 

36
 

37
 

38
 

39
 

40
 

41
 

42
 

43
 

44
 

45
 

46
 

47
 

48
 

49
 

50
 

p-
X

yl
en

e 

o-
X

yl
en

e 

St
yr

en
e 

Br
om

of
or

m
 

1,
1.
2,
2-
Te
tr
ac
hl
or
oe
th
en
e 

tr
an

s-
 1 ,

4-
D

ic
hl

or
o-

2-
bu

te
ne

 

1,
2,

3-
Tr

ic
N

or
op

ro
pa

ne
 

A
ni

lin
e*

 

o-
D

ic
hl

or
ob

en
ze

ne
 

p-
D

ic
hl

or
ob

en
ze

ne
 

N-
Ni
tr
os
o-
di
-n
-p
ro
py
la
mi
ne
' 

N
-N

itr
os

om
or

ph
ol

in
e*

 

1,
2-
Di
br
om
0-
3c
hl
or
op
ro
pa
ne
 

4-
C

hl
or

oa
ni

lin
et

 

1,
2,

3-
Tr

ic
hl

or
ob

en
ze

ne
 

N-
Ni
tr
os
o-
di
-n
-b
ut
yl
am
in
e*
 

2-
N

itr
oa

ni
lin

e*
 

91
 

10
6 

10
4 

17
3 

83
 

53
+8

8 

75
 

93
 

14
6 

14
6 

70
 

86
 

15
5+

 15
7 

12
7 

18
0+

18
2 

84
 

13
8 

90
7 

96
5 

96
7 

98
9 

10
57

 

10
69

 

10
71

 

11
97

 

12
84

 

13
25

 

14
01

 

14
20

 

14
65

 

16
98

 

17
09

 

17
90

 

20
86

 

4 5 8 17
4 

38
 

46
3 7 

14
89

 

6 10
 

20
36

 

71
60

 

16
0 

60
8 I

 

7 

56
39

 

79
04

 

13
.7

 

15
.7

 

24
.8

 

86
.9

 

21
.8

 

18
.7

 

32
.4

 

23
.2

 

20
.7

 

18
.1

 

31
.1

 

23
.9

 

49
.3

 

24
.5

 

16
.1

 

26
.1

 

18
.8

 

16
.6

 

25
.3

 

55
.3

 

21
.5

 

25
.3

 

22
.3

 

19
.3

 

50
.9

 

28
.8

 

28
.9

 

30
.9

 

32
.1

 

97
.1

 

34
.7

 

29
.5

 

37
.5

 

28
.2

 

28
.8

 

43
.5

 

24
.0

 

8.
7 

10
.4

 

12
.4

 

31
.7

 

13
.9

 

9.
9 

15
.2

 

47
.4

 

8.
8 

9.
5 

64
.8

 

30
.5

 

9.
5 

24
.8

 

24
.5

 

22
.1

 

17
.3

 

19
.2

 

20
.8

 

22
.3

 

45
.4

 

24
.9

 

22
.2

 

41
.8

 

45
.6

 

21
.9

 

38
.7

 

23
.4

 

35
.9

 

50
.3

 

8.
1 

8.
4 

6.
3 

13
.5

 

2.
6 

> 
3.

6 
z E * 

3.
7 

7.
8 

9.
1 

<
 

8.
1 

3 I2 
8.

6 

12
.6

 

10
.2

 

8.
0 

11
.2

 

5.
5 

5.
8 

N
 

w
 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
0
7
 
1
7
 
J
a
n
u
a
r
y
 
2
0
1
1



%
 R

SD
 

no
. 

co
m

po
un

d 
qu

an
 io

n 
S

ca
n 

M
D

L 
(p

g/
L.

) 
lW

/L
. 

5o
cl

gn
 

1W
gL

 
5m

gn
 

rm
g

n
 

5m
gn

 
lo
w&
 

51
 

D
ib

en
zo

fu
ra

n'
 

16
8 

22
81

 
13

 
42

.2
 

22
.1

 
41

.2
 

36
.0

 
47

.1
 

8.
9 

5.
9 

52
 

2-
N

ap
ht

hy
la

m
in

e*
 

53
 

D
ip

he
ny

la
m

in
e*

 

54
 

l,3
,5

-T
rin

itr
ob

en
ze

ne
8 

14
3 

23
36

 
80

64
 

16
8+

16
9 

24
05

 
53

76
 

74
 

ND
 

51
.3

 
1.

3 

34
.2

 
6.

0 

55
 

C
A

m
in

ob
ip

he
ny

l*
 

16
9 

25
27

 
20

75
8 

66
.0

 

56
 

M
et

ha
py

nl
en

e.
 

58
 

N
D
 

57
 

p-
D

ie
th

yl
am

in
oa

zo
be

zn
e'

; 
22

5 
N
D
 

58
 

2-
A

ce
ty

la
m

in
of

lu
or

en
e*

 
18

1 
N

D
 

59
 

7,
 l2
-D
im
et
hy
lb
en
z(
a)
an
th
ra
ce
ne
8 

25
6 

ND
 

N
D

=n
ot

 d
et

er
m

in
ed

, s
ee

 R
es

ul
ts

 an
d 

D
is

cu
ss

io
n.

 'd
en

ot
es

 s
em

iv
ol

at
ile

 c
om

po
ne

nt
. 

4
 

cn
 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
0
7
 
1
7
 
J
a
n
u
a
r
y
 
2
0
1
1



ANALYSIS OF VOLATILES 25 

Trace level analyses are difficult because of the increased signal uncertainty 
(measured as area counts) at low levels. Figure 2 shows seven replicate recon- 
structed ion chromatograms (m/z=96) of three isomers of dichloroethene at the 
500-pgL level. The first isomer, 1,l -dichloroethene, shows a reproducible (and 
higher) signal in each of the replicates while the trans- 1 ,2-dichloroethene and 
cis- 1,2-dichloroethene show more variation in the signal. The greater the signal 
variation, the higher the corresponding MDLs (see Table I). The reason for dif- 
ferent intensities to the same isomer is unknown. 

1 

2 g 0.1 
Ef. 
g 
$ 
A 0.01 
8 
.# 

0.00 1 
10 100 1000 10 000 

concentration(uglL) 
FIGURE 1 LogLog plot of relative response versus concentration for 54 analytes 

The results of a trace level analysis of tap water are shown in Figure 3 and 
Table 11. The presence of the trihalomethanes are indicated by the peaks at the 
correct time and mass-to-charge ratio ( d z )  at the low part-per-billion ( p a )  
level. Recently, low levels (< 100 p g L  total) of trihalomethanes in drinking 
water supplies have been implicated in an increased incidence of miscarriage 
[187191 fetal neural tube defects [201, and spontaneous abortions [211. Trace level 
analyses are problematic since the analyte signals are obscured by the baseline 
noise. Therefore, at these levels, the analytes must be run in the target mode. The 
analyst must know where to look (retention time) and what to look for (quantita- 
tion ion). The identification of bromoform in the tap water sample is questiona- 
ble since the signal is so weak (2 pg/L). It is included in the figure and table for 
completeness. 
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1,l-Dichloroethene 

trans-lf-Diehloroethene 

cis-1,Z-Dichloroethene 

188 120 148 160 188 288 228 248 
0.99 1.19 1.39 1.59 1.88 1.99 2.20 2.39 

FIGURE 2 Replicate (n=7) reconstructed ion chromatograms (m/z=96) of 3 dichloroethene isomers, 
each at the 5 0 0 y g L  level 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
0
7
 
1
7
 
J
a
n
u
a
r
y
 
2
0
1
1



ANALYSIS OF VOLATILES 27 

Chromtogran P l o t  c :\~TURN\DIITfhTAml 
Coment  : LU TAP WTER 
Scan:  688 Ssg: -- Group: -- R e t e n t i o n :  5.99 RIC: 14229 Masses: 43-257 
P l o t t e d :  1 t o  1288 R a m :  1 to  3888 lBBx - 364845 
9.28 
29 

TOT 

B. 13 

B 

83 

0.86 

127 

129 

aer 

3i)M 
2.99 

9BB 
8 .99 

FIGURE 3 Trihalomethanes in tap water 

TABLE I1 Trihalomethanes in tap water 

no. compound area response 8 RSD conc (pg/L) 

12 Trichloromethane 

20 Bromodichloromethane 

28 Dibromochloromethane 

37 Bromoform 

2667 6.6 104 

1679 5.5 78 

1190 11.5 42 

17 102.5 2 

Figure 4 shows the analysis of an aqueous sample from a well located on a haz- 
ardous waste site contaminated with methyl t-butyl ether (MTBE), a gasoline 
oxygenate. The analysis showed part-per-million (mg/L) levels of benzene, tolu- 
ene, xylenes (C8H10). and various other akylated benzenes (C9HI2) as well as 
MTBE. Because of the relatively high levels, several non-target list identifica- 
tions could be made. 
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zhronatogran- lot C :\SAtLIRW\DATA\LEHBZ35 
:onnent: LEHWN MTBE SITE 
Scan: 1- m: -- Group: -- Rstentlon: 12.49 RIC: 1398 Masses: 41-292 
Plottsd: 1 to iree Ra-: 1 to 2- l00x - 38219 

MTBE 

10 

CS‘ 

C1 

1 

b 

b l  . 
I ’ I ’ I ’ I ’ I ’ I . ,  

688 1288 lW0 2400 
5.99 11.99 17.99 

FIGURE 4 MTBE-contaminated hazardous waste site sample by DAI 

SUMMARY 

1) Quantitation data was collected for 54 out of 59 volatile and semivolatile 
analytes in aqueous standards. 

2) Direct aqueous injection was shown to be easily applied and gave consist- 
ent results. 

3) Direct aqueous injection was successfully applied to real-world samples 
for quantitative and qualitative analysis. 

NOTICE 

This research was funded by the U.S. Environmental Protection Agency (EPA), 
through its Office of Research and Development (ORD), which partially funded 
and collaborated in the research described here. It has been subjected to the 
Agency’s peer review and has been approved as an EPA publication. Neither the 
EPA nor ORD endorses or recommends any trade name or commercial product 
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mentioned in this article; they are mentioned solely for the purpose of description 
or clarification. 
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