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NOTICE

This document is intended for internal Agency use only. It has undergone a technical/quality
assurance review and approval by personnel of the EPA Environmental Monitoring Systems
Laboratory as Las Vegas (EMSL-LV). Distribution, application and use of the data contained
herein are at the discretion of Regional personnel. Mention of trade names or commercial
products does not constitute endorsement for use. The information in this document has been
funded wholly or in part by the U.S. Environmental Protection Agency. Work was initiated under
Contract No. 68-CO-0049 to Lockheed Environmental Systems & Technologies Company.
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INTRODUCTION

Region 3 submitted to the EMSL-LV a request for analytical
support in determination of B-naphthylamine (2-aminonaphthalene)
in soils from the Drake Chemical NPL site. At this site,
incineration will be performed on approximately 200,000 cubic
yards _f soil and sludge. The detection level of 1 ppb is
desired for quality assurance purposes, and of 55 ppb for routine
verification of cleanup. Additionally, 4-nitroaniline is sought
as a lower-priority target analyte. This project represented an
analytical challenge because standardized methodology had not
been developed or validated.

Four objectives were identified by the EPA for this support
project:

(1) develop an analytical procedure(s) to assure EPA that the
incinerator contractor can meet the 55 ppb cleanup criterion
on a daily basis, in the field, with the incinerator they
propose to use. An ultimate detection limit of 1 ppb would
be useful.

(2) analyze samples taken from a location on the site which was
not sampled in the previous study (1987).

(3) verify the presence of fl-naphthylamine at the site above the
cleanup goal level, and the presence at very high levels in
certain lagoons.

(4) analyze the samples for 4-nitroaniline, as a lower priority.
This compound was found on the Site in 1987.

In this report, research and testing were performed on
available analytical techniques and methods. Two candidate
analytical procedures were identified. These procedures were
tested for the ability to attain a suitable detection limit for
B-naphthylamine and the nitroanilines, with sufficient precision
and accuracy to support the Region's needs. This report
summarizes the approaches used to achieve the analytical
requirements, including the candidate analytical methods tested.
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PHYSICAL PROPERTIES OF THE TARGET ANALYTES

The primary target analyte, B-naphthylamine, is a white to
reddish crystalline solid, mp. 111-113°C/ volatile in steam and
having bp. 294 or 306°C. It is a fluorescent and weakly basic
compound with a pKa of 4.07. It is soluble in hot water,
alcohol, and ether, and has a density of 1.0614. Para-
nitroaniline (4-nitroaniline) is a yellow powder of mp 146°C,
soluble in water, alcohol, ether, benzene and methanol. It is
used commercially as a dyestuff intermediate; it is weakly
fluorescent, and has a pKa of 1.0.

Under neutral conditions the target analytes are reported to
dissolve in low-polarity or moderate polarity organic solvents
including diethyl ether, benzene, acetonitrile, methanol, and
methylene chloride. The extract can be analyzed by high-
performance liquid chromatography (HPLC) coupled with mass
spectrometry (MS) or other detectors, including UV-vis and
fluorescence (for B-naphthylamine). Fluorescence detection
provided sensitivity and selectivity, with the desired detection
limit for B-naphthylamine (1 ppb).

METHOD DEVELOPMENT RESULTS

The major difficulty experienced was extracting the target
analytes from the soil type provided as a background for the
Drake Site. A brief literature search uncovered chemical reasons
for the difficulty (see Appendix), and provided a background from
which procedures could be developed to improve the recoverability
of the analytes from the soil. In general, both fast, reversible
reactions and slow, irreversible reactions of B-naphthylamine
occur with the humic materials in the soil. The irreversible
reactions involve the formation of covalent bonds which
chemically alter the analyte and make it integral with the humic
material. Wet soil provided poorer recoveries than dry soil.

The analytical method developed in this study provided
reproducible (ca. 20-25%) recoveries of the target analytes
spiked onto the Drake-type background soil, and excellent
recoveries on Site samples (70-99% on fl-naphthylamine and 72-96%
on 4-nitroaniline, both spiked at l ppm). The method detection
limit was in accordance with project objectives (1 ppb for B-
naphthylamine). Analysis by HPLC, with fluorescence and mass
spectrometric detectors, was found to be suitable. The method
used to analyze the Site samples ("Final Analytical Method") was
the second candidate method tested.



ANALYTICAL RESULTS SUMMARY

The Drake Chemical Site samples were analyzed by the Final
Analytical Method presented in this report.

Analytical results are presented in Table 1.

Samples were analyzed in several groups. Initial and
continuing calibrations (Tables 2-6) are presented after the
sample analysis data. Analytical results on Site samples are
presented to two significant figures. Non-detects are labeled
ND. The method detection limits were l ppb for 6-naphthylamine
and 300 ppb (0.3 ppm) for 4-nitroaniline. Duplicate samples are
labeled DUP. The 4-nitroaniline results were taken on undiluted
extracts (dilution factor 1) except as noted. If an interference
prevented detection and quantitation of the analyte in a sample,
"Interf." is listed in the table.

Matrix spike (MS) and matrix spike duplicate (MSD)
recoveries in percent are shown in the concentration columns.
The matrix spike recoveries are corrected for the amount of
analytes present in the samples before spiking. The spikes added
a 1 ppm concentration of each analyte to the soil.

Region 3 supplied separate sample bottles labeled DUP, MS
and MSD. Difficulties in sampling may have created some sample
heterogeneity. It is believed that heterogeneity was a factor in
DUP, MS and MSD data variability for the Region 3 generated DUP,
MS, and MSD samples. Spike results were acceptable in the case
of 7.12A, a sample in which the analytes were not detected before
spiking. On the other hand, 11.12A and 11.12A DUP were very
different in appearance and in analytical results. Percent
recoveries for the MS and MSD are not shown in the table because
the analytical results indicated that the four bottles probably
contained effectively different samples, rather than four
aliquots of a homogeneous single sample.

Several additional MS and MSD samples were generated in this
laboratory, in each case using the single bottle having that
sample number, supplied by the Region. These laboratory-
generated MS and MSD samples were potentially more homogeneous,
as they were taken from a single sample bottle. Data for these
samples gave close agreement to the expected values, and
indicated that the method performed well on the Site samples.
Laboratory-prepared MS and MSD samples are labeled MS* and MSD*
in Table 1.
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Table 1. Analytical Results on Drake Chemical Site Samples

Sample #

8.2A
8.6A

8.12A

4.2A

4.6A

4.12A

2.2A

2.6A

2.12A

2.12A DUP

9.2R1

9.2R2

9.2R3

9.2A

9.2A MS*

9.2A MSD*

9.6B

9.12A

10. 2A

10. 6A

10. 6A MS*

10. 6A MSD*

10.11A

fi-NAP Dilu-
tion Factor

1
1:1000
1:1000
1:100
1:100
1:100
1:1000
1:100

1:100
1:100

1
1
1
1
1:10

1:10

1
1
1
1
1:10

1:10

1

Cone. 4-
NIT (ppm)

ND
Interf .
Interf .
2.8
0.26
2.7

ND

ND

ND

ND

ND

ND

ND

ND

83%

87%

ND

ND

ND

ND

89%

72%

2.0

Cone. B-NAP
(Ppb)
120

210,000
27,000

5000

820

990

88,000

4400

2800

2100

ND (a)

17

39

53

71%

70%

16

8.2

82

26

86%

90%

82

Comments

DUP Reg. 3
generated

MS lab
generated
MSD lab
generated

MS lab
generated
MSD lab
generated



Table 1, contd. Analytical Results on Drake Chemical Site
Samples.
Sample #

10.1R1
10 . 1R2

10.1R3

7.2A

7.6A

7.12A

7.12A DUP

7.12A MS

7.12A MSD

6.2A

6.6A

6.12A

6.2R1

6.2R2

6.2R3

11. 2A

11. 6A

11.12A

11.12A DUP

11.12A MS

11.12A MSD

B-NAP Dilu-
tion Factor

1:10
1:10
1

1
1:1000 (both
analytes)
1
1

1:10

1:10

1:10
1:100
1:100
1
1:10
1
1
1
1:100 (both
analytes)

1:10 (both
analytes)
1:100 (both
analytes)
1:10 (both
analytes)

Cone. 4-
NIT (ppm)

ND
ND

ND

ND

ND (b)

ND

ND

86%

94%

ND

ND

ND (a)

ND

ND

ND

ND

ND

52

18

13

24

Cone. B-NAP
(PPb)

100

430

ND (a)

1.5

22,000

ND

ND

73%

89%

780

1300

1100

200

1500

560

8.5

61

12,000

1700

2500

2500

Comments

DUP Reg. 3
generated
MS Reg. 3
generated
MSD Reg. 3
generated

more oily
than DUP,
MS, MSD
DUP Reg. 3
generated
MS Reg. 3
generated
MSD Reg. 3
generated



Table 1, contd. Analytical Results on Drake Chemical Site
Samples.
Sample #

12. 2A

12. 6A

12.12A

12.12A MS*

12.12A MSD*

5.2A

5.6A

5.12A

3.2A

3.6A

3.12A

1.2A

1.6A

1.12A

1.12A DUP

1.12A MS*

1.12A MSD*

fl-NAP Dilu-
tion Factor

1

1:100
1
1:10

1:100

1
1

1

1

1
1

1
1

1

1

1:10

1:10

Cone. 4-
NIT (ppm)

ND
Interf .
ND
93%

96%

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

92%

92%

Cone. 5-NAP
(ppb)

ND

7500

1.6

92%

99%

180

22

2.1

3.9

10

14

11

180

170

45

79%

76%

Comments

MS lab
generated
MSD lab
generated

DUP Reg. 3
generated
MS lab
generated
MSD lab
generated

fi-NAP = B-naphthylamine; 4-NIT = 4-nitroaniline
ND = not detected; method detection limits 1 ppb for 6-NAP and

0.3 ppm for 4-NIT.
Interf. = interference prevented detection and quantitation.
(a) analyte retention time has some interference from a close-

eluting peak.
(b) Sample extract cloudy and was diluted before analysis. 4-

nitroaniline was not detected, but dilution degraded its
detection limit in this extract by a factor of 1000.



Initial calibration results are as follows:

Table 2 . Initial Calibration #1

B-Naphthylamine

Cone, (ppb)

2.00
10.0
50.0
250

417

RF

2.65

2.72

2.88

2.94

3.01

Avg.RF = 2.84, %RSD = 5.34

4-Nitroaniline

Cone, (ppm)

0.333
1.67

8.33
16.7

41.7

RF

53.8

56.4

56.1

56.3

56.5

Avg.RF = 55.8, %RSD =2.00

Table 3. Initial Calibration #2

B-Naphthylamine

Cone, (ppb)

1.67
10.0
50.0

250

667

RF

1.72

2.35

2.64

2.75

2.82

Avg.RF - 2.46, %RSD - 18.3%

4-Nitroaniline

Cone, (ppm)

0.333
1.67
8.33

16.7

41.7

RF

52.2
53.7

57.3

56.3

56.1

Avg.RF - 55.1., %RSD =3.8%
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Continuing calibrations were performed with the solution
containing 50.0 ppb 6-naphthylamine and 8.33 ppm 4-nitroaniline.

Table 4. Continuing Calibrations
associated with Initial Calibration #1

6-Naphthylamine

RF

2.79
2.76

2.69

%Diff.

1.76%

2.82%

5.28%

4-Nitroaniline

RF

56.6
56.5

57.1

%Diff.

1.41%

1.25%

2.33%

Table 5. Continuing Calibrations
associated with Initial Calibration #2

B-Naphthylamine

RF

2.75
2.63

2.50

2.72

2.52

2.39

2.70

2.31

2.78

2.88

2.67

2.36

2.32

2.24

%Diff .

11.9%

6.9%

1.8%

10.4%

2.3%

2.9%

9.8%

6.1%

13.0%

17.1%

8.5%

4.1%

5.7%

8.9%

4-Nitroaniline

RF

56.5
56.9

56.8

54.7

56.1

57.1

57.6

57.5

57.4

57.0

58.3

60.2

55.3

57.8

%Diff.

2.5%

3.3%

3.1%

0.7%

1.7%

3.6%

4.5%

4.3%

4.1%

3.4%

5.8%

9.2%

3.3%

1.9%

8
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Table 6. Other Calibrations, for 4-Nitroaniline only

Initial Calibration

Cone, (ppm) RF
0.250 60.8

1.00 55.2
10.0 60.3

Initial Calibration
Avg. RF = 58.8, 5.3% RSD

Continuing Calibrations
(at 0.250 ppm)

RF

69.0

53.8

56.2

67.3

58.5

54.2

58.5

59.2

55.2

% Diff.

17.3%

8.6%

4.4%

14.4%

0.54%

7.9%

0.54%

0.68%

6.2%

AR306l*70



METHOD DEVELOPMENT STRATEGY

The method development included two general areas: (1)
sample extraction, and (2) sample analysis. A background sample
was supplied by Region 3. Region 3 considered this sample to be
the most representative available background soil for the Drake
site soils. Aliguots of this background sample were used to
develop and evaluate the analytical method. Analytical results
indicated that the background soil provided significantly poorer
recoveries of the analytes, and the background soil lacked
potential analytical interferences that were found in some Site
samples.

It should be noted that the matrix spike results could not
accurately mimic every binding mechanism for the analytes to the
matrix. Available literature reported that the analyte could
react with the matrix, forming covalent bonds to humic materials
in the soil. Some of these reactions are slow but essentially
irreversible. Such transformation products or "metabolites"
would not be extracted by solvation processes. The standard
procedure for matrix spikes is to add a relatively high
concentration of the spike and extract shortly thereafter. This
procedure is reasonable to mimic fast electrostatic binding and
some adsorption or absorption processes. It does not accurately
reflect the covalent reactions that occur slowly over long
periods of time, as was the case with the target analytes at the
Drake Site. Therefore, these analytical results indicate a
minimum probable concentration that is present (or was present
before transformation) at the Drake Site.

Sample Extraction

Two sonication-based sample extraction methods were
evaluated: an aqueous acid extraction at pH 1.5 and neutral SW-
846 Method 3550 extractions with methanol, acetonitrile, and
methylene chloride. Acidic sample extracts were neutralized and
back-extracted into methylene chloride.

Soxhlet and shaker extractions were also evaluated. Soxhlet
extraction is generally considered to be a rigorous extraction
procedure that can yield the highest recoveries for most
analytes. Shaker extraction avoids the introduction of heat,
even the potential for spot-heating which could occur with
sonication.

Analysis by HPLC-UV, after solvent exchange into
acetonitrile (ACN) indicated that the background soil extracts
did not contain interferences. Therefore, extract cleanup
methodology was not developed.

10
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HPLC with MS Detection

The HPLC/MS studies were performed to verify the lack of
interferences, using a Hewlett-Packard system consisting of a
1090L liquid chromatograph, thermospray interface, and 5988A mass
spectrometer. For thermospray sensitivity enhancement, 0.75
mL/min 0.1 M NH^OAc was added post-column. Preliminary
experiments showed that 4-nitroaniline had a retention time of
8.2 min, with an estimated instrument detection limit of 200 pg,
monitoring m/z 156 for the [M+NH4]* ion. The primary target
analyte, B-naphthylamine, had a retention time of 15.0 min and an
instrument detection limit of 200 pg, monitoring m/z 144 for the
[M+H]* ion.

The 200 pg instrument detection limit indicated that for a 2
g sample and 100% analyte recovery through the Final Analytical
Method, a 35 ppb detection limit would be obtained.

Quantitations were not performed by HPLC/MS; this technique
was used only to verify the lack of coeluting compounds at the
retention times of the target analytes.

HPLC with Fluorescence and UV Detection

Using a Supelco LC18-DB column, 25 cm x 2.1 mm, with 2 cm x
2.1 mm HP C-18 guard column, a flow rate of 0.25 mL/min and an
oven temperature of 37.5°C, the following instrument detection
limits were obtained: 1 ng for either analyte at 380 nra (UV);
6.0 pg for B-naphthylamine using fluorescence (excitation
wavelength, 232 nm; emission 410 nm). Diode array UV detection
was at 380 nm for 4-nitroaniline and 234 nm for B-naphthylamine.

Fluorescence detection provided adequate selectivity against
analytical interferences. UV detection was insufficiently
selective. Interferences were not noted in the background soil
examined in this study. Site soils, however, containing numerous
interferences to UV detection, and also contained other
fluorescing compounds. The combination of HPLC separation and
the more selective fluorescence detection were adequate to remove
interferences for B-naphthylamine. Potentially interfering
compounds were not observed for 4-nitroaniline. The linear range
of the fluorescence detector corresponded to extract
concentrations of approximately 1 ppb to 500 ppb for B-
naphthylamine. The HPLC-fluorescence instrument was calibrated
over the range 2 to 417 ppb. The detection limit for 4-
nitroaniline was 0.3 ppm (300 ppb). The calibration for 4-
nitroaniline was 0.333 to 41.7 ppm. All analytical quantitations
presented in this report were based upon HPLC/fluorescence
results.

11
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QUALITY ASSURANCE

QA objectives for this project were based upon method
performance on background soil. A single-laboratory test of the
proposed method was performed to verify that these objectives
could be met routinely. For the Site samples, recovery values
were obtained on matrix spike samples. For quality assurance,
blanks, matrix spikes, and matrix spike duplicate samples were
analyzed. A method blank and a laboratory control sample (LCS)
using a sand matrix were analyzed with each ten Site samples.
LCS recoveries were 78-100%. Instrument blanks, determined after
approximately every 10 analyses, were all ND. Continuing
calibrations were run before and after approximately every 20
samples analyzed. Method blank results were ND to 2.3 ppb.

The QA objectives and goals were met or exceeded in this
project. The detection limit for fi-naphthylamine and matrix
spike recoveries were two method features that were poorly
addressed by existing technologies. The Region located methods
having detection limits for fl-naphthylamine of 330-660 ppb.
These limits were inadequate for Region 3 needs at this Site.
Poor analyte recovery could seriously degrade both the detection
limit and quantitation accuracy. In this technical support
project, recoveries over 70% and a method detection limit of 1
ppb for S-naphthylamine were obtained.

Analytical Acceptance Criteria

Required method detection
limit for B-naphthylamine
Ideal method detection limit
Initial calibration linearity
Continuing calibration RF
Required matrix spike
duplicate (MSD) sample results
Ideal MSO sample results
Blank samples
Required recovery of spiked
analytes
Ideal recoveries of spiked
analytes
Extract cleanup quality

55 ppb

1 ppb
RSD < 25%
% Difference < 25%
± 50%

+ 20%

analytes ND at required MDL

15%-125%

50%-110%

quantitation unaffected within
required duplicate precision
level (± 50%)

12

AR306U73



EXPERIMENTAL METHOD DEVELOPMENT RESULTS

Preliminary Testing

SW-846 method 3550 (sonication extraction twice) was
performed on 2 g soil samples for initial testing. The table
below summarizes results for 4-nitroaniline (4-NIT) and 6-
naphthylamine (B-NAP). In the table below, Soil (l) was a blank
dry soil; soil (2) was wet background soil. Soil samples were
individually spiked with analytes to arrive at soil
concentrations of 20 ppm or 10 ppm. Solvent abbreviations are
ACN for acetonitrile, MeOH for methanol. These tests indicated
several points: (1) water in the extraction can be a problem,
possibly due to the solubility of fl-naphthylamine in water and
volatility in steam; (2) recoverability of B-naphthylamine is
poor from the soil matrix of interest, although good recoveries
can be obtained from sand; (3) addition of water and pH
adjustments do not enhance recoveries. The water sample was 10
mL, spiked to 10 ppm, adjusted to pH 1.5, neutralized, and
extracted by solid phase extraction. Note that these
preliminary, investigative experiments were each performed once,
so the numbers do not include a measure of reproducibility.
These experiments were selected to provide a rapid survey of
potential method features.

13
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Preliminary Tests of Method Features

Spiked Soil % Recovery
matrix cone.(ppm) Solvent 4-NIT B-NAP

sand 20 ACN 47 is

soil (1) 20 ACN 42 19

soil (1) 20 H20, pHl 10 0
sep. funnel

sand 20 CH2C12 65 57

sand 20 CH2C12 pH9.5 62 56

sand 20 CH2C12/acetone 31 10

sand 20 H20/MeOH pH2 43 10

sand 20 MeOH 85 56

sand 20 MeOH pH 8.5 97 90

soil (2) 10 MeOH 50 15

soil (2) 10 MeOH pH 8.5 59 21

soil (2) 10 MeOH pH >10 16 4

soil (2) 10 CH2C12 basic 36 20

soil (2) 10 CH2C12/acetone 26 10
basic

soil (2) 10 H20 pH 1 . 5 / 0 0
SPE

water 10 ' H,O pH 1.5/ 0 0
SPE

14
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Further Testing to Investigate Specific Issues

The following tests were performed on the near-Site
background soil. An aliquot of the soil was determined to be 20%
moisture by weight difference upon drying in an oven. Each
experiment was performed once, to provide qualitative guidance
regarding desirable method features. The analytes were 6-
naphthylamine (stock solution at 1000 Mg/mL) and 4-nitroaniline
(stock solution at 1000 /ig/mL) ; 40 ̂ L of stock solutions spiked
onto the matrix, unless otherwise specified below. Extracts were
solvent exchanged into acetonitrile, and diluted by adding 250 fiL
extract to 750 yuL of 0.01M acetate buffer solution. Analyses
were performed by HPLC with UV detection. Specific results and
raw data are available upon request. The following result
summaries are intended to provide some guidance about specific
experimental variables that can be selected and controlled.
Results from these tests assisted in the selection of suitable
method features.

The effect of solvent was tested on 2 g soil samples spiked
with analytes, and 2 g sodium sulfate drying agent. Ten mL
solvent was used, with triple sonication, Kuderna-Danish (KD)
concentration, nitrogen blowdown, solvent exchange, dilution, and
analysis by HPLC-UV. The following recoveries were obtained:
ether, 29.2%; benzene, 2.3%; tetrahydrofuran (THF), 6.7%. Based
on this study, ether was selected as the solvent providing the
best recovery with ease of removal (extract concentration).

The effects of adding concentrated NaOH (1-3 drops) with
single or triple sonication were tested with the findings that
each of the recoveries was under 3%. These results, performed
without soil matrix, indicated that addition of base was
detrimental in the absence of the solid matrix.

The source for analyte loss was investigated by checking
recovery for each step of the method: 1)ACN with blowdown; 2)
ether with blowdown, solvent exchange; 3) ether, KD, blowdown,
solvent exchange; 4) 2 g soil sample, 2 g sodium sulfate, 1
sonication, 10 mL ether, KD, blowdown, solvent exchange; 5) 2 g
background soil sample, 2 g sodium sulfate, 3 sonications, 10 mL
ether, kd, blowdown, solvent exchange; 6) high cone. Method;
dilute; analyze. The results were: 1) 75% recovery; 2) 83.5%; 3)
74%; 4) 9.2%; 5) 8.9%; 6) 12.6%. This study indicated that the
major source for analyte loss was the sample matrix. Recoveries
did not appear to be negatively affected by solvent evaporation
to dryness, although that step should be performed carefully, or
the extract could be evaporated to near dryness only.

To determine if the soil has a limited capacity for binding
the analytes, sand and background soil recoveries were compared,
with different spiking concentrations. Sand provided 68%
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recovery. Background soil gave under 8% recoveries up to 40 ppm,
and 41% at 60 ppm analyte concentration in soil. This study
indicated that the soil had a much higher capacity for the target
B-naphthylamine than the action level concentration.

Ammonium hydroxide was added to adjust pH of soil to 11, in
an effort to adjust the effect of water in the sample and
possibly bind some active sites. Recoveries remained poor at 80-
200 ppm analyte concentrations (18-24%).

Aniline was tested as an additive close in structure to the
target analytes, yet chromatographically resolvable. The
procedures were: (a) 2 g background soil sample spiked with
analytes, then with 5 ;iL aniline; 2 g sodium sulfate, 1
sonication, 10 mL ether as solvent; KD, blowdown, solvent
exchange, dilute, analyze, (b) saturate soil with aniline, wash
soil with ether to remove excess aniline, weigh out 2 g soil
sample, spike with analytes, add 2 g sodium sulfate, 10 mL ether,
sonicate once, KO, blowdown, solvent exchange, dilute, analyze.
These tests resulted in 20% recovery for (a) and 51%' for (b) .
Thus, it appeared that aniline assisted recovery of target
analytes by partial exchange of positions with the analytes on
active matrix sites. However, not all sites were apparently
subject to exchange, as recovery was significantly better (51%
vs. 20%) if all sites were exposed to aniline first.

Comparison to Soxhlet extraction was made using sand and
soil matrices with aniline treatment after spiking with the
analytes. For this extraction technique, aniline was not found
to assist recoverability, and Soxhlet extraction was not an
improvement over sonication.

Since aniline was found to improve recoverability of the
analytes using ether and sonication, a retest with methanol as
solvent was made. In early experiments, methanol had shown some
promise. 2 g background soil sample was spiked with analytes and
then with aniline, 2 g sodium sulfate, 1 sonication, 10 mL ether
or methanol solvent. The recoveries were: ether with 1 pL
aniline, 3.9%; ether with 5 nL aniline, 8.6%; ether with 10 ML
aniline, 9.5%; methanol without aniline, 2.3%; methanol with 5 /iL
aniline, 8.9%. Because methanol still did not provide better
recoveries than ether, ether was retained as the solvent of
choice as the recoveries from ether are less affected by percent
water and is easier to remove in the extract concentration step.

Because of the low and poorly reproducible recoveries,
silanization of the glassware was performed with
dichlorodimethylsilane. Recoveries were much higher: sand,
105%; dry soil without silanization 15% and with silanization,
39%; wet soil with silanization, 27%.
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Different amounts of spiked aniline were tested on a 10 g
dry background soil sample spiked with 80 y,L fl-naphthylamine and
processed with 10 g sodium sulfate, 3 sonications, 50 mL ether
solvent, KD, blowdown, solvent exchange, dilution and analysis.
For 15 ML aniline, the recovery of B-naphthylamine was 35%; for
25 ML, 52%; and for 35 ML, 47%. These results indicated that
there is a threshold concentration above which it provides no
significant recovery enhancement, at least in the time period
tested (minutes for pre-analysis spikes vs. years for the native
contamination).

The possibility of sample drying by oven heating was
investigated, but recoveries were not enhanced over those
obtained on wet soil. It is known that B-naphthylamine is
volatile in steam, and apparently may be lost by oven drying.
Sample cross-contamination could also present a significant
problem in the use of oven-drying, so this procedure was not
tested further.

As alternative drying procedures to sodium sulfate and oven
drying, magnesium sulfate and potassium hydroxide were tested.
Magnesium sulfate is an efficient, generally useful neutral
drying agent for organic liquids. Potassium hydroxide is often
used as a drying agent for liquid amines. 12 g background soil
was spiked with analytes, 25 ML aniline, 5 g magnesium sulfate
(or 6 KOH pellets), and 50 mL ether solvent; sonicated for 30
sec, allowed to sit for 20 min, resonicated and allowed to sit;
sonicated for 60 sec, and allowed to sit for 1 hr. The treated
soil was filtered, sonicated twice, and processed by KD,
blowdown, solvent exchange, dilution, and analysis. Recoveries
were 29% (magnesium sulfate) and 35% (KOH drying). Substitution
of a shakeout extraction for the sonication resulted in 23%
(magnesium sulfate drying) and 34% (KOH) recoveries.

RESULTS OF SINGLE-LAB TESTING THE FIRST CANDIDATE METHOD

The above preliminary tests and investigations of specific
issues resulted in the development of the first candidate
analytical method (see below). Several issues remained, however,
requiring a careful evaluation of results from the single-
laboratory testing of this method. Specifically, reproducibility
of the results obtained in the tests of specific issues was
relatively poor: recoveries were variable, from ca. 10% to 50%.
It was observed that methanol and acetonitrile with sonication
dispersed the soil thoroughly, whereas ether and methylene
chloride did not break up the soil clumps. Ether and methylene
chloride were easy to evaporate for extract concentration, and
were poorly water soluble. Methanol was too water soluble to
perform well with wet samples (solvent nature changed too much
with very wet samples). Acetonitrile had the major disadvantage
of poor volatility for solvent volume reduction. Aniline, added
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to enhance recoveries by masking active sites on the matrix,
fluoresces strongly and HPLC conditions had to be carefully
optimized to ensure that all aniline eluted before 6-
naphthylamine.

Single laboratory testing demonstrated that the first
candidate analytical method could not provide data meeting Region
3 needs with adequate confidence about positive results near or
below the action level of 55 ppb. Recoveries again varied from
ca. 10% to 50%. A spike allowed to sit on the matrix overnight
was not recovered (0% yield).

DEVELOPMENT OF THE FINAL ANALYTICAL METHOD

The first candidate method was changed by applying
information obtained in prior testing to arrive at the second
candidate method. The second candidate method, in some ways
similar to EPA Method 8330 for nitroaromatic explosives, provided
more consistent recoveries (ca. 20% to 25% on the background
soil). Excellent matrix spike recoveries (1 ppm spikes) were
achieved on the Drake Site samples (70-99% on 6-naphthylamine and
72-96% on 4-nitroaniline). These results indicated that the
second candidate method provided data of high quality,
particularly on the Site samples. This second candidate method,
therefore, is the Final Analytical Method.

The second method was designed to address several relevant
issues: the low volatility of acetonitrile; the fluorescence of
aniline; the activity of the soil matrix; the potential activity
of glassware surfaces; breakdown of matrix clumps; improved
partitioning of analytes into the organic phase at high pH of the
aqueous phase; the need for volatile bases and buffers for
thermospray LC/MS; solvent requirements for HPLC.

The second method used the volatile base, concentrated
aqueous ammonium hydroxide, to replace KOH and aniline. The
method was designed to use a minimum of glassware, with a
quantity of acetonitrile that did not require solvent reduction
to achieve the desired detection limit. Exposure of the soil to
solvent was maximized by the choice of solvent and sonication
procedure. The method was relatively fast and straightforward to
perform.
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FIRST CANDIDATE ANALYTICAL METHOD

Weigh out 10 grams of soil (to 3 decimal places) into a tared
porcelain crucible. Dry in an oven at 50°c overnight. Weigh the
dried soil to 3 decimal places. Percent water is determined by 10
x (initial weight - final weight).

The following procedure should include a muffle-furnace dried
sand blank and a muffle-furnace dried sand laboratory control
sample.

Weigh out 10 grams of soil (to 3 decimal places) into a tared,
silanized Erlenmeyer flask with a 24/40 ground glass joint
opening.

To spike background soil, add 40 juL of a 1000 /jg/mL solution of
6-naphthylamine in acetonitrile.

Add 12 pellets of KOH.

Add 100 mL of aniline-treated ether (25 ML aniline in 100 mL
ether).

Extract by shake-out for one hour.

When shakeout is complete, decant liquid (without losing soil)
into a silanized funnel containing a prewetted (with ether) #41
Whatman filter with a few grams of muffle-furnace dried sodium
sulfate (for drying).

Collect the filtrate in a silanized 500-mL round bottom flask
with 24/40 ground glass joint opening.

Add 50 mL of aniline-treated ether.

Extract by shakeout for 30 min.

When second shakeout is complete, pour off entire contents of the
Erlenmeyer flask into the funnel. Add a few mL of ether to the
Erlenmeyer flask to facilitate quantitative transfer of the
contents into the funnel. Repeat twice.

Wash the funnel contents with a few ml of ether. Repeat twice.

Attach the round-bottom flask to a rotary evaporator and reduce
the volume of the ether solution with vacuum to a few mL.

Remove the round-bottom flask and empty the contents into a 50-mL
silanized graduated centrifuge tube.
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Add a few mL of ether to the round-bottom flask to facilitate
quantitative transfer of the contents into the tube. Repeat
twice.

Blow down the solution carefully to dryness with nitrogen.

Bring up the volume to one mL with acetonitrile.

Store extract for analysis.

Analyze by HPLC/fluorescence using conditions outlined in the
report.
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FINAL ANALYTICAL METHOD FOR 6-NAPHTHYLAMINE
AND 4-NITROANILINE IN SOILS AND SEDIMENTS

AT THE DRAKE CHEMICAL SITE

Place 2 g soil in a 12 mL vial.

For matrix spikes at 1 ppm, add 200 nL each of 4-nitroaniline and
6-naphthylamine solutions (10 /ig/mL) .

With disposable pipet, add 10 mL of a solution prepared to be 1%
(v/v) concentrated aqueous ammonium hydroxide to 99% acetonitrile
(9.6 mL if matrix spike sample).

Sonicate 2 hours at ambient temperature. Hand-shake each 30
minutes.

Centrifuge 30 minutes at 2,000 rpm.

To a new, clean 12 mL vial, add 7 mL 0.01M aqueous ammonium
acetate with a volumetric pipet. Add 3 mL of the centrifuged
extract. Mix. Filter. Attach a 0.45 mm acrodisc to a 5 mL
syringe, push 2 mL through for rinse. Push 1 mL into injection
vial.

Rinse syringe with acetonitrile. To avoid cross-contamination,
disposable syringes, vials, and pipets are recommended.

Analyze by HPLC/fluorescence using conditions outlined below.
Injections of 100 pL were used with an injection loop having a
capacity of 250 ML. These conditions provided a detection limit
of l ppb for 6-naphthylamine and 300 ppb for 4-nitroaniline.

Time (min)
0 (Run #1)
7.0
16.0
16.5
17.0
20.0
20.5

25.5 - 0 (Run #2)

% NHJDAC (0.01M)

70

70

55

55

0

0

70

70

% Acetonitrile
30
30
45

45

100

100

30

30
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1966-B . - AGRICULTURE. AGRONOMY

(ECQ) variable mat combines temperature, moisture1 stress, and Arrhenius equation were 40.0, 21 .£. anc 30.2 kL mot-' for benziom«
APAR was used to simulate the daily interactive effects at weather on a-naphthylamine. the p-toluidine. respectively, suggesting mat amir*
com growth and yield The EGG variable, summedflrom planting to decomposition was biologically mediated. Addition of metaoolizaoit
physiological maturity, was associated with 83% gjf the variance in organic substrates did not enhance oecomoosition
' ram y*ics wnen APAR was estimated with LAl. The ECG variable A bitch eouiiibrium technique was used to study sorption tc
'as associated with 85% of the variance in grain/yields when APAR aromatic amines by soils. Effect of pH on sorption was investigate c
'as estimated with the spectral variable Gl. j comparing amine retention at natural pH to soils having pH values

adjusted to ? Amine sorption increased with a decrease in pH
ECONOMICS AND ENERGETICS OF WEBD CONTROL IN
SOYBEAN TILLAGE SYSTEMS Order No. DA8421019 were obtained with benzidine and o-naphthylamirte Equilibrium
GOTTTE JOHN MAHTIN, PM.D The University If Florid*. 1984. 92pp. Botherms for p-toluidine were linear. Freundlieh constants (K) for
Chairman Dr Wayne L Currey / benzidine were correlated wrth organic carfcon content of adiusteo a-

/ soils There were no significant relationships between soil properties
Economic and energetic efficiencies of various weed control and K values for o-naphthylamine Freundlieh constants for p-

programs were determined and comparea m three soybean [Giycine toluidine were correlated wrtti % clay m soils tor unadjusted and
max (L.) Merr.] tillage systems. Field trial* were conducted over a adjusted pH systems. Desorption of screed amines followed the oror
three year period between 1981 and 1983 at Gamesvilte. Florida. benzidine « p-toluidine < a-naphthylamme.
Weed control programs consisted of various combinations of The binding of aromatic amines was studied by a sequential
preemergence and postemergence herbicide applications. Tillage extraction of amine-treated soils with ethyiacetate:methanoi. NH«OAc
operations were conventional, minimum, and no-tillage. Weed and NaOH. Results show amines bind in two phases: initially a
populations consisted primarily of alekandergrass \Brecttieri» reversitte equilibrium was established between the amine and soil
plentiginet (Link) A Hitchc.J. Flondi beggarweed \Desmodium components Subsequently, amines become strongly associated wnr.
tonuosum (SW.) DC.], and redroot rigweed (Amtrtnthvs retroflexus the humic fraction of soil presumably through nucteophilic addition tc
L-). / quinortesHerbicide treatments included Aryzalin applied at 0.84 kg/ha.
metribuzm at 0.43 kg/ha, acifluorfen at 0.43 kg/ha, sethoxydim at
0.22 and 0.34 kg/ha. 2.4-DB at 0£8 kg/ha, and glyphosate applied at CHARACTERIZATION AND SELECTION OF (tfllZOBIA FOR
1.12 kg/ha. / USE AS INOCULANTS FOR GROUNDNUTS/0N SUDANCost efficiencies were determined by establishing a cost efficiency
ratio (CER = dollar return • production cosr1) for each weed control
program within a given tillage System, CER values greater than unity HAOAO, MOHAMEO AMMED EIMAG. Pn.D. /owa Stfle University, 1984
indicated a profitable production system. 127pp. Supervisor: T. E. Loynachan

The eriergy efficiency wa/estabjished by comparisons 6f energy Th€ ̂ n̂ct « 9roundnut-nodulating/,zobia in 32 locations
productivity (EP - yieM wê ht • total energy mpur'). An average EP jn Sudtn ̂  nnt!B* ** properties did no/correlate agnificantly tc
value or Unrted States grô n soybeans was approximately 0.1893 eî r the ̂  chemic.( pr£*nies or ̂  O2.t,on smce groundnuts
"\MJ- . / . .. „„ were last planted in crop rotations. ff
The comprehensive re/uits indicated that preemergence «/wro6«/m soiates were obtained fro/to of the commonly growr
lications of oryzahn a/d/or metnbuzm were essential for .̂̂  ûmes jn ̂  The m(M̂  Ŵ  jn ' »
imamg econonmc anfa energetic efficiency. Postemergence charactenst.cs. seroiogical propert̂ sJTnd noduiatTng ability on a

applications were usuaĵ  necessary ,n order to mamtam maximum Sudanese groundnut cultivar. The culftar showed selectivity for
efficiency; however thefce treatments were relatively inefficient when rhizobia isolated from groundnut /
they were applied alonfe. Greenhouse efficiency testing repeated that the commercial strairDirected postemeAence applications were the most consistent ^ 309, wtt more ftffieitnt |fl n|trlg;n faitlon tn,n a||htr flf ̂
performing treatment among those tested. The directed Sudanese isolates tested (Wad MeBani and Kadugli). The host
postemergence trea/ment of (metnbuzin * i ,4-08). m combination genotype (Virginia or Spanish) lit* influenced the efficiency of the
with preemergenceApplication, produced the greatest single EP and strains f
CER across •J'tillaie systems with two exceptions where it yielded -r̂  KhizotHum strains TAL »9. Wad Medani, and Kadugli vanftd
the second higneart value. -«,,„-».,.«.,- in colony rfwrphoiogy, wheh j/jvided a means of strain recognition

The no-tillageiystem produced an average EP of 0-083 kg/MJ and g, ̂^ ^̂  The n̂ Ĵ  ̂ri1>e(S by using seroiogical
CER of 0 J9 in 1981. in 1983. nc-tiliage g«"«ra««d EP and CER values techniques. Results of a eomfetrtion study among the three strains
of 0.119 kg/MJind 0.73. respectively. In 1982, however, the showed that the order of co/petitive ability was TAL 309 > Wad
conventional tijfage system produced an average EP of 0.10 kg/MJ Medani > Kadugli irrespect/e of the cultivar type
and CER of 0.* which were significantly greater than the mm,mum increasing the pH from*! to 8.0 in a pot experiment did not
and no-tillage/operations. The variability m tillage system influence the competitiva4aility of the two Sudanese strains when
pertormance**as primarily due to the fact that iivrow subsaimg was ^^ on ̂ Sudaneae/roundnut cultivar • Ashford'. Rasing the
not implemented m 1982 as it was m 1961 snd 1983. inoculation level of theJess competitive, but efficient. Kadugli strain

by 10* times that of th/Wad Medani strain gave the Kadugli strain «
REACTIONS OF BENZIDINE, n-NAPHTHYLAMINE AND P- bŴ Ô msd̂ 'Siftl̂ uol̂ '''!̂  * 100% °* "* main'root nodulei
TOLUIDINE IN SOILS Order No. DA8423364 n̂der Sudar̂ ^̂ onditioris. inoculation of two groundnut
GKAVEEL. JOHN GCTAHO, PH.D. furduf University, 1964. 171pp. Major cultivars, 'Ashford/and 'Barberton', with selected strains by using
Professor: Darrell W. Netson different methodsnid not result m comparable yields to those

Decomposition of "C-labelled benzidine <4.4'-diaminobiphenyl). S2r"US ̂Ŝ ^̂ Ĵ Ŝ Ŝ ^
,.̂ .__,̂ m̂ ^̂ ^ 5̂'Sfe'̂A.SS.ĉ^

~v*Mea sons ior __._ T.i «*,——i.̂  .. c * . ,ij7 vjtbte cens pg, ̂0 groundnut

C4J
N
ICJ
im

approximately one year and monitoring «CO2 evolved At the end of .̂ ^ ^ Air)u ̂n,,,̂^ ̂ tĥ  B.tiug( ̂llot̂  population

Cl

I

incubation. 8.4 to 11.9%. 16.6 to 30.7%. and 18 J to 35.1% of added pfeaent tt ̂x 10* r, rt „«. Approximatety 40% of the nodules «#
—-zidine. a-naphthylamine. and p-toluidine, respectively were occupied bV the moculant stratn.

ved as CO;. Degradation rate was described by two first order , 7
__ Actions. Half -lives calculated using the slow phase rate constant
were 11.5. 5.3. and 5.0 years for benzidine. o-ntohmylamine. ind p-
toluidine. respectively Comparison of data from steriie and nonsterite
soils suggested that microbes were responsible for degrading amines.
Optimum conditions for decomposition were: -0.033MPa water /•»•%/•! /•»' §
potential. 30'C and pH 5.4. Activation energies calculated from the SR30D4O4



Decomposition of Benzidine, a-Naphthylamine, andp-Toluidine in Soils'
JOHN G. GRAVEEL, LEE E. SOMMERS, AND DARRELL W. NELSON'

ABSTRACT aromatic amines by clay minerals may result in a de-
D.co.podl.0, of "OtabeM bt«Ml.e. ̂.p̂yUm.... ..d p- ™f ĴTî /lSS™̂ 0!? ' ""i ̂L???**MM. hi *•» WM rt.d*d h, i,bor,,or, «p«i«.u b, -ao..,,*,., 1973. 1 974) 1 Pam (1980). and Bo lag et al . (1983) have

CO, pronto. d.ri.( . 30*. to 3«*4 iK.fe.Uo. p.**. Tb. i.! shown *hat sotl or*an!c mattcr ***** luhe degradation
•MUM* of microbe .etiTiry I. deeo*po«iiio. of au ibree troMtk rat? of aromatic amines by covalent bonding of the
n.iM «M ,hown by decreMed "CO, eroiMlo. hi "O> treated felta. am'no Sr°uP >nto numic-type compounds. In contrast, a
After 365 d of inoib«iio.. s.4 to ««• of added bnzidiw <S4.3 *«oi so" incubation study has shown that benzidine degrada-
k|") WM wolwd u CO, whHe 17 to 31* of added <*««phth7imiM tlon in a ̂ V clay loam soil was rapid with only 20.7V*
<«.l fuooi kf -) »d 19 to 35% of sdded /Hol.idi.e (93 J MIO! kg") °' tne parent compound remaining after 4 weeks (Lu et
»m evolved M CO, !• 30* d. Dccmvodtio. of bouMiM, a- al., 1977). Studies by Medvedev and Davydov (1972)
aaohtkyiamiM, a.d /Mot.idi.e WM greatest «t i wtter •omtui of showed p-toluidine was decomposed at a faster rate
-•.•33 MPI md demised ai both • ud -«.5 MP». DecoMpoaitio. than naphthylamine in a chernozem soil receiving coke
WM nhMctd by iMrnsi.i the (enpenKrc fro« u w 3«'C. The industry waste. Hydrolysis of benzidine has been ob-

served in cultures of Nocardia asteroides (McClung,
cm*ed while the pemmnt »f tdwd M!M defraded decreved u 1974). Since additional information is needed concern-
(••ikauoi rale WM iKnued fro« 1 1* MM •« kf. For beatMiM, ing the degradation of aromatic amines in soil, the ob-
koife UM «»o«t md proportkM deeonpowd iwrewed wttk •• ta- jectives of this work were to determine the effect of soil
ooHe I. uplkaiio. me. DccoMpodUoi «f m»uUc UUMI WM MM and environmental conditions on decomposition rates
nbuced fcy the tddlUo. of decMipoMMe nfeitnta. nrferaKa ta of benzidine. o-naphthylamine, and p-toluidine in soil
4eeoi.po*illo. of iro«.lk MhM oeenred men "Ib, k.t CM- md to assea jorpUon of tne$e compounds by soils.
Mte*t reUtioiukips belwee. decoaporitki. of tmtoa ud fofl
•repertiei w« .o. obserred. I. talefe ̂ fflbn.lo. rtwHes, Ike MATEHIAHS ANH MFTHniv:
Fm̂ ttck ê Mlto. described vmutk ««tae serptto*. bo4bems MAIKJUAIS AINU MtlMUUS
were wmUmr for beuidhK ud a-mphlhTfamiM Md (tear for p- Soib
IthiMlM. Desonrtton of torbed IM!MS followed (be order: bwridJse
< /MoMdLe < 0-M.klhylMdM ud WM laremiy retalcd to Ibe ex- The soils used in this study were surface (0- 1 5 cm) umptes selected
iMlof decooipotitio.. . to represent i wide range of chemical and physical properties. The

field moist soils were air-dried and (round to < 2 mm. Selected
Additional Index Words: aromatic aailMS, 4,4 '•dt.MfaMMpbe.jl. properties of the soils are presented in Table 1.

, » , , „ , .Def ridattoa of Aromatic Amines in Soil
' ĥwi'n.E' ̂SSŜ Staf' ̂d'̂ TuidiSf ' £"SliPOj" Benzidine, o-naphthyiamine, and p-loluidine deftadation in soilEnviron SSaUWsST̂ ^̂  ôluidme in soils. J. W§J ttudjed undff ̂^̂ ^ comKtioMt „«„, ..̂  compound,;
' ' benzidine and p-toluidine were uniformly labeled in the ring and o-

naphthylamine was.labeled at carbon- 1. Labeled benzidine (6.0 TBq
kf) and o-naphthylamine (4.0 TBq kf) were obtained from New

Increased concern over the fate of synthetic organics in England Nuclear Company (Boston, MA), and p-toluidine (4.5 TBq
the environment has developed within the past few kg") was obtained from California Bionudear Corporation (Sun
years. Benzidine (4,4'-diaminobiphenyl), a-naphthyl- Valley. CA). Unlabekd bemidine, owuphthylamine. and ̂-toluidine

tA- were SlgHia Technical Grade (St. LdlU, MO). AqUCOUS WtuUOlU COH-

(7.9 Bq"Cmmo|-') were added to. JOO-mLErienmeyerfUukirKlIOO
rubber products, and agriculture chemicals (Haley, g of soil were added (final soil concentration of amines was 10 mg
1975; Golab et al., 1979; USEPA, 1979). These varied kg-). Soils were adjusted to -0.033 MPa water potential by adding
applications suggest many possible modes of entry into distilled water. The contents of each flask were mixed, connected to a

. om.cOf aZO yes o e par rmi tne surface at 04»Lh" and CO, evolved was absorbed in 25 mL of 1 M
through bacterial action (Yoshida and Miyakawa, KOH. The KOH trapping solutions were replaced periodically and
1973). analyzed. Periodic measurements of soil moisture indicated that water
Relatively little is known about the fate Of benzidine, potential did not vary by more than * 10% during the experiments.

a-naphthylamine, and 0-toluidine in soils. Studies by An aliquot (lOmL) of the co,-trappingsolttUon was treated with 5
Hauser and Leggett (1940) and Tennakoon et al. (1974) «L°f l̂ "̂ 'Ŝ ^̂ Ŝ iKSffS.
showed that aromatic amines are oxidized rapidly in ̂ îŴ B.̂ ^
clay soils to form colored complexes. Sorption of mately 5 mL of 4 AT HQ and the released "CO, was collected in 2 mL

of NCS mg rat (fluiftcrniry unmoniuin btuc in toluenê  AnwnJwn/
' ̂SlUi1"?̂ !1 of,̂ e Purdue Um vi A?r?e- E*P,̂ }£jTn*' *}% ^̂  Corporation, ArHniton Heights. IL) contained in a scintillationno. 10000. Dep. of Agronomy. W. Lafayette, IN 47907. Recaved 25 ^ fitted ̂  m absorption tower. Cont«Mts of the tower were
ic~.»l, r,.x,,.,. A..;«.n. .»i D̂ r̂ w. nMMMiv.iv Tiu. washed into the vial with PPO-toiuene cocktail (0.5* w/w 2,5-
«ior1̂ ?î d̂>y1Asŝ f̂ê ^ Soil diphenylox.»Je in ̂.ene) art ih. »C «tivi,y determined with a
Sci., Univ. of Tennessee, Knoxville and the third author is Professor Beckman 7500 scintillation counter. The counts were corrected for
and Head, Dep. of Agronomy. Univ. of Nebraska, Lincoln. 68583. background and counter efficiency by assaying a "C toluene standard
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Tahtel. Propertte. of joila u«ed ia thU inv̂ tif «Uon.

I
-'

So" "" PartietoBU&thbntkn
S«.t

Morocco •
Oakvilki

MOfordrid
Foil
NappaiMtBd

Sobcroap

Aquie UdipMmmmU

TvpfcHaphxfattf
TypkArguoaoUf
TypicHapiaqoouf
TypieHapJooalfi
AvicOdnquaif*

PH

4.7
6.2
5.4
6.4
6.4
7.0
7J

S«nd

766
832
184
175
43
483
161

SUt

f
213
127
692
643
687
416
487

Clay

21
41
124
182
370
101
382

TOCatlct

19.1
10.4
9J
20.8
27.1
19.0
18.3

Total N
ing kg-'
1667
988
1111
1976
2693
1606
1778

CEC1

caoK+lkg-1
16.9
10.2
14.7
25.0
45.4
12.8
33.4

Wttcr content
It -0.033 MPi
cHiOkfioU.;

123
114
244
185
372
189
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tNoi»ort«»cCw.,pr«Btin«npta. 1 C-t̂  -eĥ n ê t̂, obUimd from «» of ̂ B̂ntbta Cc M«. N̂  K. «d H.

ff'2.23 «d30'C. To Pennine the effect of, pplica.ionr.te on
M o>naphthylamine, and p-toluidine were_______

IneubaUootim»ld) applied to the Russell soil tt rates of I, 10, 100, uid 1000 mg kg" of
Aromatic Sterijba. ————————————— ™ ————— toil. Glucose ud alfalfa (Medicago saliva) were idded to soils at or

""•' 7 l< 21 28 36 45 before aromatic amine application to determine if dejridttion of the
————————— %t _________ amines could be enhanced by decomposition of readily metabolizable

-Co 0.8 OJ 0.4 OJ 06 07 "bftrates. Samples of RiBsell soil were treated with either a single
Uatraaud 0.6 1.2 1.7 12 2.6 33 addition of 0.6 mmol glucose at the time aromatic amines were added

a-N.phthyUunin. "Co 0.0 O.I 0.1 0.2 0.3 0.4 fmu'tjP'e »!"• «Wition$ of »round alfalfa forage were made every
UMmud 6.1 9.0 11.0 12.8 14.0 IS.t 7 d for 21 d pnor to unine addition. To enrich a population active in

p-Tr̂ ktin. T> 0.1 0.1 0.4 0.7 1.0 1.1 '•nradiiyam̂ . anffitw (64 ,unol) ot biphenyl (39 ̂nol) were added
V'«UM«*d O U TJi 9 1 UU 11 9 nwy ' o '«* 21 d to incubation flasks containins CO g of Russell soil

... — . . _ ——— _ —— _._: —— . ——— '_ |>ri« MI treatment with benadine (J4.J pntol). eMuphthfUmiae (69.1
t S»mr»«i wriv*t »i»S« M.S dnrl >wHiain«, *M .iml \-*̂ *t\TWmi«». unoto. and p-«oJuidine (93.3 fiDo() and bncubatioa of 132 d.
M » » »m,%l p lolniiiln* Vjt ' til iwil

t UnmahiUv* ptmal el add«d "C •cavity tvohrad a* "CO.-C.
Sorptkw Isothemu

beJLdine, o-napShytoiine, and p-toluidinT'ŵ e not volatilized
from aqueous solutions buffered at pH 4, 6. and 8. For all three com- - r . , • • « , .
pounds; < 1% of the unine added «ms lost throufh votatUiation. coiic«̂ oftl«̂ amii«m»mL«l»c«trifi«etub«at23-C
This f̂ ttotether with appreciable sorption by soibuviicates that »C f« 24 h m . uan̂ urê ntrolkd shak.ng water bath. Imdalam-

"«£Vatner than the amine added. centntwns of benadme tnd oHUphthyUmine m toluuoas added to
d, pound to »oUs ran»cd from 5 ing L ' to 200 mt L'1 and /woJuidjne concentra-• con-

the »olu-

using ACS
as the counting cocktail. Activity

measurement) were corrected for counter efficiency by assaying "C-
Effect of Incabitioi Coiditlou o« Decomposition %££SR ̂t̂ b̂ M̂̂ î Ŝ !̂̂ .
Soil sterilization was conducted by treating 40 g of Russell soil for trations. The pH of the supernatant was determined by glass eiec-

24 b with 2.45 kGy h" -̂ -irradiation from a MCo source. Gamma ir- trode. Amine decomposition during equilibration was not a problem
radiation was chosen over aotodaving or chemical sterilization meth- since < 0.5% of added benzidine, a-naphthylamine, and p-toluidine
ods because "Co has a minimum effect on soil properties (Ramsay were decomposed In soil in 48 h.
and Bawden, 1983). After sterilization, the soil was aseptkally tram- Oesorption of benzidine, oMiaphthyiamine, and p-toluidine from
ferred to sterile 500 mL bottles and treated with an aqueous solution soils equilibrated with amines was determined by adding 40 mL of
containing either 54.3 000! kg" of benzidine (20.1 Bq "C mmol"), 0.01 M Ca(NO,), and shaking the samples for 24 h in a temperature-
69.8 0moi kg" of oj-naphthyUmine (5.9 Bq "C mmol"). or 93.3 *unol controlled water bath. The solution phase was separated by
kg" of p-toiuidine (7-9 Bq "C maol"). The soil was brought to centrifugatkm and the concentration of amine in solution was de-
-0.033 MPa water potential by the addition of sterile distilled water temuned by liquid scintillation counting as described above. The
and the bottles were staled with rubber stoppers fitted with glass rods amount of benzidine. or-naphthylamine, and p-toluidine occluded in
to which 8 mL vials containing 5 mL of 2 AT KOH were attached the sediment pelkt was calculated from the weight of solution in the
(Bandy and Bremner, 1971). The ampks were incubated for 47 din pellet and the amine concentration.
the dark at 23*C. At regular intervals, the CO, trapping solutions Statistkal analysis of the data (analysis of variance and Newman-
were removed, brought to volume in a 10 mL volumetric flask, and Keul tests, p - 0.05) were performed at described by Steel and Torrie
the evolved "C in the KOH wu determined by liquid scintillation (1980). All value* are averages of two replications and expressed on an
counting as described above. Periodically the bottles were weighed oven-dry soil basis.
and sterile, dtstflkd water added aseptkally to maintain a constant
water potential. Unsteruizcd samples were treated with "C-labeied -«..,.,,--, »m.t«. n.»̂ *ie<.»>u
aromatic amines and incubated in the manner described above. RESULTS AND DISCUSSION

Tl'Ŝ t̂  Decomposition Under Sterile *nd Nonsterite Conditions
033* 'In* or To detennine if benzidine, o-naphthylamine, and p-

-„., „.... .~ __ .. _,__. .Ĵ aluatê 'by Sn̂ bat'in, toluidine might degrade by chemical pathways,
RuswU soil treated with benzidine, o-naphthylamine. and p-toluidine aromatic amines were incubated in Russell SOU which
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r

had been treated with 49 kGy of t radiation. For all
three amines, the "CO, production rate was significant-
ly higher with the unsterilized soil as compared with the ————————————————————————————
"Co treated soil (Table 2). Although this behavior sup- iu<»ywyo<"C
ports the premise of microbial metabolism, it is not Aramttie TOUJCO.-C tuuduii
positive proof of microbial decomposition since small """»*____Sofl tvoiv«tt co.-Cf imea Taui
amounts of benzidine, a-naphthylamine, and p- mcCO.Ckr' ———— % ————

I, toluidine were graded in the "sterile" soil. To assess the Brondin. chela*! «M n.t* 78.9 90.6
* iterility of soils incubated for 45 d, soil subsamples were N«n»M* zue 9«e ss.o 97.8

transferred to nutrient broth and incubated. Microbial ĝ jji* **« *•" w.i «.<
_ growth was observed in the broth and thus the soils ap- ^ ' M-z w'3

Itt ' parently became contaminated with air-borne -N̂ tĥ -i.. cw-« tow »» TU .00.9
!>, ; contaminants during the incubation period. It is also uufoni looe it.st nj ».s

possible that the limited decomposition was due to Morocco SM zs.ee 70.9 94.1
chemical hydrolysis. The sterile soil treated with <*£«• ™, »;£• ™ £•
benzidine had approximately 21% of the decomposition ^̂ ^ """" ~~ ~P-ToWdfat CU-H 927 a.7b 74.< IM.I^̂ ^
observed with nonsterile soil, suggesting that chemical P-ToWdfat CU-H 9̂27 a.7b 74.< IM.I
hydrolysis may be partially involved in benzidine de- MOM »M 20.7* :§.4 w.i
gradation in soil. Microbial metabolism is the primary Mmeo 4» 2i.2d* «.< 83.6
mechanism for degradation of a-naphthylamine and p- jjjjjjf * Jei "* «stoluidine. t ImlMttaa juried of M6 d far teaddfaM tnd 308 d far rMphthjrk

Degradation of AroB«tkAs»iMifai Sod
_ . far ( tpflBf «— i-« vmkMi IbOowtd by Uw «-«•« IttUr tn *ot mr-Evolution of "CO, was monitored to determine rates

of benzidine, a-naphthylamine, and p-toluidine decom- ^ ccvc «roh-»d from aatmud «d ww «TO me c kr
position in soils. Since ring-labeled compounds were
used, "CO, release will occur only after ring cleavage, • . J
indicating complete degradation of the added amine. It that toul CQi evolved is primarily due to decomposi- J
must be realized that measuring "CO, may under- tion of Ma orvafc matter. As expected, CO, release
estimate the extent of decomposition if; (i) the com- ^̂  ĝ ter in the high organic matter soils and lowest in
pound is only partially metabolized, (11) the C is in- the Oakville sand for all three aromatic amines. At the
corporated into microbial biomass, or (iii) the amine re- md of ̂  incubation approximateiy 7.4, 5.4, and 5.1%
acts with soil components (i.e., organic matter) to form of tne Q̂ organic matter had decomposed from
stable reactions products. Thus, the decomposition esti- benzidine, a-naphthylamine, and p-toluidine amended
mates described in this work may be conservative in ^̂  respectively. Recovery of "C from soils after
nature. Decomposition of benzidine was significantly incubation for approximately 1 yr indicates that > 90%
greater in the Chaimers soil (11.6%) than the Russell of ̂  tdded C can be accounted for as CO, or residual
(10.1%), Nappanee (9.8%), or Oakville (8.3%) soils (/> uC in ̂  î (Table 3). For the majority of experi-
- 0.05). The a-naphthylamine degradation rate varied mental systems, the < 30% evolution of "CO, reflects
among the six soils studied (Table 3). After 308 d, de- tne recaicitrant nature of the amines, rather than the
gradation was greatest in the Russell (30.7%) and Chal- JosJ of suostrate by volatilization or experimental
mers (28.7%) soils, and was lowest in the Milford soil mon
(16.6%). Decomposition of p-toluidine was also in- The ,ow decomposition rate observed for all three
fluenced by the soil used (Table 3). Degradation was sig- aromatic amines suggests that degradation may be con-
nificantly greater in the Fox soil (35%) than the tfoUed by ̂ Aet MQ environmental conditions or by
Chaimers (29%), Russell (27%), Morocco (21%). sorption onto soil constituents because the compounds
Milford (21 %), and Oakville (19%) soils. Other than a ue knovm to be degraded during sewage treatment.
correlation between "CO, release and CO, evolution for
the p-toluidine amended soils (P * 0.05), there were no Effect of Soil Water Potential
consistent relationships between soil properties and . . - „ . .
amine degradation rates but it is apparent that soil char- Degrtdation of aromatic amines in Russell soil was
acteristics are modifying the rate of decomposition. greatest at - 0.033 MPa for all three amines and it de-
Total amounts of COrC evolved from the soils creased significantly at saturation (0 MPa), -0.1, and

treated with benzidine, a-naphthylamine, and p- -0.5 MPa (Fig. 1). For the benzidine treated soil, very
toluidine are presented in Table 3. There was no sig- little reduced "C (e.g., "CH,) was evolved since nearly
nificant difference in cumulative CO, evolved from the all of the added "C-activity was accounted for as CO,
unamended Russell (control) and Russell soil treated and residual forms in the soil at the end of the study.
with the three aromatic amines, indicating that addition The inhibition of benzidine, a-naphthylamine, and p-
of aromatic amines at 100 mg kg" did not inhibit toluidine decomposition associated with a decrease in
microbial activity. Since totaJ CO, release originates soil water potential suggests that water availabdity was a
from decomposition of both added amine and soil or- limiting factor. Studies by Parker and Doxtader (1983)
tank matter and since amines were added at a low rate showed that 2,4-D decomposition decreased with a de-
(equivalent to -7.5 mg C kg"), it is readily apparent crease in soil water potential. At 0 MPa potential the
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Flf. 1. Effect of M« •ofeMre potcattal o> eiaitathrc "CO, erote- Fig. 2. Effect of uatoe i«pUe»tkMi rate » e«w»UU»e "CO, rrotu-
Uoa fro* "C4tbetH beuMiM. o-VMhthylutiM, u4 /Mo4«kil»e ttwt Ira* "OtakeM beMUtae. oHuphihyiMiM, tad /Mol«idl»e
tmtmM KmrntB tot lacitaled M 23'C UMM RateO *oil tankatetf it 23*C.

soil likely became anaerobic and thus O> may limit Associated Q,, values for benzidine, a-naphthyl-
microbes using a dioxygenase for the initial steps in de- amine, and p-toluidine over the temperature range of 12
gradation of aromatic rings (see review by Gibson and to 30°C range from 1.4 to 1.8 (Table 4). The range of
Subramanian, 1984). Q,. values for most enzymatic reactions fall between 1.4

and 2.0 (Meyer and Anderson, 1963). The Q,, values
Effect of iBCflbatfoi Tenperatare found (i.e., s 1.8) support the premise that decom-

. . , .. , ... . ' . position of benzidine, a-naphthylamine, and p-As expected for a microbial process, the rates of toluidine was microbial
I benzidine, a-naphthylamine, and p-toluidine decom-
• position in the Russell soil were greatly affected by incu- vitmftni AimiiMtUn D.«.

2 T|L bation temperature. DecompoTition was greatest at Effect of Appllcitlon Rate
30°C and decreased significantly at 23 and 128C for all The effect of application rate on the decomposition
three amines. The decomposition of added benzidine in- of benzidine, a-naphthylamine, and p-toluidine in
creased from 3.7*& at 12*Cto 12.2*A at 30*C. Approxi- Russell soil is presented in Fig. 2. There was a linear

^̂ _ mateiy 16,28, and 33% of added a-naphthylamine or p- relationship between amount decomposed and log of
3 ^̂ ^ toluidine were decomposed at temperatures of 12, 23, the application rate for all three aromatic amines. The

and 30°C, respectively. amount of benzidine, a-naphthylamine, and p-toluidine
The relationship between amine degraded and decomposed increased with increasing application rate.

temperature was described with the Arrhenius equation The percentage of added benzidine decomposed in-
resulting in activation energies of 52.6, 27.7, and 34.3 creased from 7.7ft at the low rate to 11.4ft at the high
kJ mol'1 for benzidine, o-naphthyl-amine, and /r-tolui- rate while the reverse trend was found for the other two
dine, respectively (Table 4). Miekle et al. (1973) sug- compounds. The decrease in percent decomposition ob-
gested that activation energies of 75.4 to 104.8 kJ mol*1 served with a-naphthylamine and p-toluidine at the high

f,J •] indicate chemical degradation while values of -21 kJ application rates suggests that higher concentrations of , i
~* moi*1 indicate microbiological reactions. Enzymes have the amine may be inhibitory to metabolism or that the

activation energies ranging from 12 to 46 kJ mot*1 rate of the enzymatic reaction has approached a maxi-
(Sizer, 1943). mum at the high substrate concentrations. The rate of

,
LOttC(n«»»«t<«L-l LMC(*Mte«l.-<>

Flf.3. &WF<fcMtootkcnf f«rbcmziifiMrttnUo*k7Mak Fl|.4. S*e»tl€« tootkemi
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Tabl* 4. Activation eaerfto and Q,, valae* estimated from T«bl« S. Recovery at <4C activity from RoM«U tail treated wiUi
taMpmtarc variation of beazMiae, ff-naphthylamma, •• wea«tfe «mia« plot glucoat, alfalfa, aniline, or biphtnjl

udp-toloidiM degradation in RoMcll toil _________udteabaUd it O*C for 132 d.
Correlation Racowy of "C

Aromatieiaio* tretion S Qu eotfficiaotj
^̂

. __
Aromatic Traat- Total CO.-C Raaidual

kJraol" r imin» _______ matt «votv«d CO.-C ia«tl ToUl
M-3 616 1.8 0.97B

»Ni|>athvlamiiMt 69J 17.7 1.4 0.936 _
93.3 84J IJ 0.989 Benzidim Now M.6 9.4 81.4 90.8774 82

tlU-diinibitioa. Anilint -1 8.2 86.3 94.6
IMMfacalMtMm. Biphnvi - 8.2 87.6 96.7
f Comlatioa eoaflident for loe (% daiuuipoaaJ) vwwt radpracal of Oncoaai 121 11.0 (10.21 88.8 99.8
tMp«tor.|286.298.Ud903K). a-Naphthytamim NOB. 611 20.8 79.8 99.9

Alfalfa 79.3 19.4 83.4 102.8

bcnzidine decomposition in soils may be substrate Gfaeoaaf ioe a.iao.Tt -' 1°-'1
limited due to sorption of benzidine by soil constituents. p-TaUdin* NOD* M7 n* 766 921
If the solution concentration is below the Km for Alfalfa TOJ u.» n.i n.o
enzymes involved in uptake or metabolism, the percent A^L ~ 1<4 M'3 w '
decomposition will increase with an increase in applies- ——————— G*a>~t in 2g.ataa.6i

tThtw addition* of aOmctll̂ fa. tvl mmoiû liat or 0.6 ounol biplMByt
to (0 ( Kil: (faeow tmcndiiMDt wu a «D(k O.a mmoi widitiao to 100 1

Addition Of MetabolizaMe Orfaak Sabf tntes j MM incubation; parent of «C «voh«l from aoil not tnaUd with

Attempts were made to increase the decomposition of | m-d ineabatioB: p«tmt of "C «*oi»«d from aoii not tnatad with
benzidine, a-naphthylamine, and p-toluidine by adding thKoatAowniapanatiMia,
readily utilizable carbon and energy sources to soil. A INotdaiarmtad.
single addition of glucose and multiple additions of
alfalfa forage had essentially no effect on decomposi- KQC values are calculated as the ratio of Freundlich K/
tion of the three amines studied (Table 5). Glucose and fraction of organic C in soil. If soil organic C is equally
alfalfa addition did increase the total CO, production effective in sorbing aromatic amines (Lambert, 1968;
from the Russell soil (Table 5). Brown and Flagg, 1981; Hassett et al., 1981), normal-
Decpmposition of benzidine, a-naphthylamine, and ization of sorption constants (K) for organic C content

/Holuidine in the Russell soil following preincubation . should yield nearly constant Ape values.
with aniline and biphenyl is also shown in Table 5. The Freundlich sorption isotherms for benzidine were
There was no significant difference between preincu- nonlinear as shown by a mean l/n value of 0.768. The
bated and unamended Russell soil for the decomposi- values obtained are similar to the mean l/n of 0.515 for
tion of added amine (p * 0.05). These findings suggest benzidine sorption by soils and sediments (Zierath et al.,
decomposition of benzidine, a-naphthylamine, and p- i9go). Values of K for benzidine sorption ranged from
toluidine will not be enhanced by growth of soil 7.6 x 10* to 2.1 x 104. Equilibrium KQC values for
microbes on a readily utilizable carbon and energy benzidine ranged from 227 x IV to 882 x 101 (Table
source. Enriching for a population capable of decom- g). Even though the sorption of benzidine is correlated
posing aromatic compounds by adding aniline or with organic C, the strength of the sorption as inferred
biphenyl to the soil also does not promote decomposi- from *oc is greater than can be accounted for by hydro-
tion of benzidine, a-naphthylamine, and /Moluidine. phobic sorption (Means et al., 1982). Based on the pH
Representative data are shown in Table 5 indicating the of the soil solutions (pH 4.8 to 6.0) and the pKa's of
nearly complete recovery of added I4C obtained in a benzidine (pKa = 3.57 and 4.66), benzidine was largely
range of experimental systems.

Sorptioa of AaiMS
Sorption of benzidine, a-naphthyiamine, and /Molui-

dine by soils yielded isotherms that could be described - 3.1
by the Freundlich equation ;

x/m m KM1" I ̂

where K and l/n are constants, x/m is the amount 3
sorbed per unit weight of soil, and C is concentration in a
equilibrium solution. By definition, Freundlich sorption 2 *••
isotherms with l/n values » 1 are linear. The logarith-
mic form of the Freundlich equation was evaluated by
linear regression to calculate K and l/n. Freundlich ___________
sorption isotherms for the amines studied are presented " i 1.1 a *••
in Fig. 3 to 5. The calculated K, l/n, and ffoc values for "» c <"""«« L *>
each amine-soil combination are presented in Table 6; nt.s.
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T«bU6. Frctmdlien Mrption coo.tant* ud KQC »«i««« 'or .̂ranged from 323 to 508. Since the pKa for /7-toluidine is
..*..* . <~i... _.._k»k.i._... —j 5.OB, appreciable concentrations of protonated and

neutral species will be present in the Morocco, Oakville,
and Milford soils, suggesting that a large proportion of

Equilibrium *anma """""T Caâ lttjm p-toluidine was retained by clay minerals and organic
Soil _____ pH ____ K i/n QMffioOTtiD KQC matter through cation exchange. Desorption of sorbed

B«adin« /Moluidine was a relatively constant fraction of sorbed
RU~U 6.1 8 no 0.834 0.962 882xio' £|oluidine in all soils varying from 11.3 to 15.8*7..
ch«it»n 4.8 9 4<o o.842 o.95o 463 x to1 incsc data suggest that p-toluidine is likely held as an
Kokomo 6.6 7 SOD o.79i 0.996 227 x io- exchangeable ion by the clay and organic fraction ofMUfort 8.0 21000 0.604 0.966 808x10- >&*"«. IIAIUUII ui

Morocco 3.9 49.7 0.704 0.998 2688 SUMMARY

The results obtained from thi
benzidine, a-naphthylamine, and /Moluidine are slowly

5̂  H> S:?1J ô  I™ The results obtained from this study indicate that

I**' MR̂ W*. n ĤTTlwM „-. .M degraded in soils as shown by CO, evolution.Chemical
OtkSuta o I'M loei 09W 4M hydrolysis may also play a role in benzidine decomposi-
Miitord___5.9____13.21 0.992 0.999___506 tion because sterile sojls had 21V* of the decomposition
tF™»diich »otar mptio. «»u»u .nd cô utioo eorificteu to observed under nonstcrilc conditions.
btnzkUn* detwnunsd from log zfei (amoi kri piottid again* log c 5O" environmental conditions had only a limited
imnoi L-I. o-Mphthrtunin and p-totnidia* d*t«nnia«d from log */m effect on the decomposition of aromatic amines.
Umol kg-1) piou«d againtt logC Umol L"). Modifying soil environmental conditions such as water

potential, temperature, or addition of metabolizable or-
present as the neutral species in the soils studied. Some ganic substrates will not markedly affect the short-term
sorption of cationic benzidine could have occurred, but rate of amine degradation to CO> in soils. Sorption ex-
it is likely that benzidine present as a neutral species was pertinents indicated that benzidine was strongly retained

•j adsorbed to organic matter through hydrophobic by all soils studied and that minimal amounts of sorbed
F bonding (Zierath et al., 1980). benzidine were desorbed by a neutral salt. In contrast,
n Small amounts (< 1 %) of sorbed benzidine were de- both a-naphthylamine and /7-toluidine were not only

sorbed with 0.01 M Ca(NOj), over the range of concen- less tightly bound but also more desorbable than
trations and soils studied (data not presented). Benzi- benzidine. It is suggested that one factor responsible for
dine is tightly bound by soil constituents within a short differing rates of degradation in a range of soils is re-
period of time. The irreversible binding could result lated to the extent and strength of sorption.
from several reactions including exchange of benzidine __
with an adsorbed inorganic cation on montmorilionite REFERENCES
(Lahav and Raziel, 1971), adsorption and oxidation of ....
benzidine followina interaction with clav minerals BO||U' J"M" R- D' MiMrd' ** S--Y- Uu- I9"3. Cross-linkage be-Denzjame renewing interaction wun ciay mmerats tween ̂ ^̂ ^ and phenolic humus constituents. Environ. Sci.
(Tennakoon et al., 1974) and covalent bonding with sod Technoi. 17:72-80.
organic C (Parris, 1980; Bollaget al., 1983). Brown, O. S., and E. W. FUgg-1981. Empirical prediction of organic
The Freundlich sorption isotherms for a- 52lluunt lor"Uon m tMvni ««d"n«>u- J- Environ. Qual. 10:382-

naphthylamine were nonlinear as indicated by an .*;*,„ * , .. . .«-- . . , . .™ auaroi.. I /» ual.,« nf n t\̂  Mii»h V u.l.t.* ranain. fp«m Bundy, L. O., and J. M. Bremner. 1972. A simple titnmetnc method
• j H ?! I ge«I , XS Sr * u -, , • L tg ^L , for determination of inorganic carbon in so£ Soil Sei. Soc. Am.m 34.3 to 98.2. The pH of the soil solution and the pKa for Proe. 36:273-275.

a-naphthylamine (pKa = 3.92) indicate that a- Cheng, H. H.t and F. O. Farrow. 1976. Determination of "C-labeied
naphthylamine was present as a neutral species in most 2e"'1d2liiV0?«by * dry combulti01' '«*nfciu«. Soil Sd. Soc.

f ' soil systems, and thus sorption was likely the result of _.£"• or^iv
_J hydrophobic interactions with the organic component aromatic hydrocark_ r. ... _ _. _._ ,„.,
tt of soils. Microbial degradation of aromatic compounds. Marcel Oekker!
•̂  Desorption of a-naphthylamine from the Morocco, N**York-

Oakville, and Milford soils ranged from 7 to 21 *. 9 to îj'-;*-A- .'V&sM̂ SSi' ',??•Ftte of rq lri'
... . - . . L , • •—-7, .'. J. 1975. Benzidine revisited: A review of the literature andsorbed always increased as the amount sorbed in- problems associated with the use of benzidine and its congeners.

creased. These data suggest a-naphthylamine is retained ciin. ToxicoJ. S: 13-42.
'; through both cation exchange reaction with clays and Hassett, J. J., w. L. Banwart, s. o. Wood, and J. c. Means. 1981.
^ organic matter in acid soils and through physiochemical nhSfĉ )̂ nm̂ ŝ ŝ *̂ Mjê £42l ̂ ** °"
| reactions with organic matter at near neutral pH. HtujeT E A ̂  M B' ̂ ^^ 1940' ̂  n̂ ^̂  between
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Nitrogen Transformations in a Poultry Manure Amejraed Soil:
Temperature and Moisture Effects'

J. T. SIMS'

ABSTRACT Sims, J. T. 19M? Nitrogen transformations in a poultry manure
amended soil: Ttmpuatuie and moisture effects. J. Environ. Qual.

ETftekwt agraaoaale inaaffeaMart af paallrj auawrc repaint to- 15:59-63.
farMtiaa ea Mi CMtritoritoa to UK N baatfet »f the tott-craa systeai.
Of arhBary laaaartaaee hi thai retard h) the dart* «f N ariaenriba-
«•• fraai UM argaafc fracttoa af tk* m*mmn. A* mummn aafiicattoaa The Delmarva (Delaware-Maryland-Virginia) peninsu-
art freaacatly auate year raaari, tt b aaw eawanal to •adenUad how la is one of the most concentrated areas of poultry pro-
laiaaaatatal variatfoaa w« alter the rate aa4 exteat of N ailarraHTi- ductfon in the USA. In the State of Delaware alone, ap-
«aa. c«aaea.aeaiiy. a lavatory atady waa caâ aeM far i» t to profeimateiy 245 x 10* kg of poultry manure are gener-
••"•" «•• «"•»•« •' laâ uaine mt aiaartan M act N aUamHn- ~tfcd annually. This manure is used primarily as a ferti-
tfaa fraai ikrec ̂ Ut., •aaaiii. Each atoaart aaaspk waa to- i{zer material for the SO 000 ha of corn and small grains

wHh M Evtsawra toaaqr aaad (amk, eaatea1 tyate /pown in the SOUthern-mOSt COUHty Of the State. Much
of this grain is produced on deep, easily leached, sandy

^̂  __ ft ̂  .M •tocnMzcjiM/ so''s' ConseQuently« agricultural utilization of poultry
. jTZ, j*rV!u.T|°.!iijL «I7ffcT«*i«kf manure must be tempered with an awareness of the po-

™——„— na-acta- at • «c b««T hr fê Iadaiiia af jbe tential environmental problems associated with nitrate
•Mr, eaaatâ raate tecMtalMiaaa .f hm,̂  N (1I-7* ̂k|)/C contamination of groundwater.Reant reports of such
Maetoi at thai Uaatiuaii Tharty to «•% af aaa aiiaali N aa>M to contamination (12, 20) prompted this investigation into
the aai to maara i aa4 3 waa Mhniiiui. wan aMtctarc/waiMt improved nitrogen (N) management of poultry manure.

i aaturai ihisaaia* iriihiaaaart T Efficient management of poultry manure as a N
am atMkated to •lerahlal haaaaMfaattoa af N. AemfMatiaaa af source requires a knowledge of several aspects of its

transformations in the soil. It is First necessary to char-
acterize the manure in terms of its total contribution to
the soil N budget. More complex, but of greater im-
portance is the need to estimate the percentage of this
contribution that will be available for crop use during
the current growing season. Perhaps most important is
the timing, within the growing season, of N release from
the organic fraction of the manure. Growers who
supplement poultry manure with fertilizer N must know
when the manure N will be available in order to maxi-

J. E»Tiro«.Qwl., Vol. 15, «o. 1,1ft* 59

Published with the approval of the



1210 Anil. Qwm. 1M3, 55, 1210-1215

Si:P ratios >1000. Thus, special care must be exercised to (4) Portmwn. j. E.; Rŝ , j. p. AM/. Own. Aca 1SS4. jr. 509-519
avoid a silica bias. <5) IftJS01""*?* J- s'; *•**•• '• *"'• °-»- ̂» 1Mr- "
More recently, P determinations by using popular "Hach (6) jotvwon. o. L.tn*<*. sa. T«*noi is?i. 5. 4n-«i4.

Kits" have yielded soluble phosphate estimates an order of W *J**̂  fA< *»oksb«i*, P- ti»w. Oc*mogr «74. rs.
magnitude higher than accurate total* estimates in the same (8) j,,̂,,, *L •*•«. * 10. **. Os*. ** «72.» 289-299
uncontaminated cold spring water (Stauffer, unpublished). (9) AMT̂ /M. q. AMI. Qwm. tin. «s, 120-423.
In the total-P determination a silica bias failed to develop " I™. „ J«™.w, «, ,-..-,"
because of retained acidity from the persulfat* digestion step. Jij) s*»yjC.' R.' £: Ŝ 'E.X'asiTw. a**, sk'.'pwr ££.
This carried over into the colorimetric step and raised the tSKJZ'o'n4'*' X p'
H+:Mo ratio; the lower ratio in the soluble-P determination (I4)yft£ftRO"̂ ThToMirtttyoJ'tw Am»*Sh£«̂ iô f-'wtey '
allowed the development of a silica bias in that silica-rich /Ê v.-. •.». • <
groundwater.
Elsewhere, P determinations for hot spring drainage waters

in Yellowstone National Park published prior to 1979 were
biased by up to 3 order* of magnitude (77,72). Phosphate-P
concentrations in silica-rich lake water and groundwaters of/
East Africa have been reported (75,76,28,29) ranging up I
50mgL~lP. However, some of these estimates have not I
substantiated by radio-tracer methods (30). Until:
checked for a possible silica and/or As bias, these i
P concentrations in volcanic regions should be treated with

n«w Yorfc. irrs.
H*cky. R.

»77.<f. 53-72
"««*• °- w.; Cerwto. N. Umtf. Octtnegr IKS. ro. 280-282

p': Wtaon- ̂  »' J- *»• ««• ** *»• e «•»• »•
sŝ n. L a: Mm, A. "tî n» Comtanu

li.*»**<». CA. »7s. pp 731-734.
*** Vortt- 1971-

«02-«04.
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Hutt**on,aE.
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Cation-Exchange Concentration of Basic Organic Compounds
from Aqueous Solution
J. R. KcczviMky, Jr., Ko4cM 8 aft oh, and JMIMC S. Fritz*
Ams* Lafiontory and OaewarnsnT o/ Chvrtity, Ion* St»* Ui**nlfy, Anrnt. low* 80011

A macroretfcuutf poty(aryrene dhrtnytbeniene) ceOon-ex- The analysis of complex aqueous mixtures of trace organic
change reasn to prepared. An aqueous aample to paaeed compounds usually involves preliminary isolation and con-
through a column of this ream In the H* form and organic castration steps (7-4). Any preliminary separation should
baeee are taken up ac caOona. Waohtogs w» methanol and be selective, while minimizing analyte lorn. This separation
ethyl ether remove sorted neutral and acfdte compound*. may consist, entirely or in part, of a divkion of the compounds
Ammonia gee to Introduced Into the column prior to ehjoon of of interest into one of several general classes (3, 4). This
the baotc organics with either methanol or ethyl ether con- classification is usually baaed on a particular compound
taMng ammonia. The etuate to concentrated by evaporaOon, characteristic, such as hydrophobicity or acidity. Aprecoo-
and the concentrated sample to analyzed by gae chromatog- centration step is often necessary to permit direct analysis
raphy. Over 50 organic baeee are recovered from water at by cc«rv«tknalniethcds without appreciable loss of sensitivity

ppm and 50 ppb leveto. necoverlea of over 15% are (6, fi). The transfer of the analytes from aqueous solution to
I for most of the compound* studied wfm el least one *n organic solvent also facilitates the use of several common ,

the ehienta. The reehi procedure snow* Improved re- analytical techniques, such as gas chromatography. An ideal I
eevtftJM and reprodudbWy over a ehnple ether extraction preparative method for organics in aqueous solution would |
procedure. Reel aample* of river water, ehato proeees waser, combine these processM (isolation, concentration, transfer) - ,f
and aupematant from an agrteulural chemical oTspoeaJ pi are into a single stop.
analyzed for baelc organic material by ISJSM tbV-reein KO-O Many techniques have been developed to simultaneously
oedure. HnOuO^JC fractionate and concentrate organics from aqueous solution.
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Solvent extraction has been uied extensively for various type* and the reservoiri were of 250 mL and 1 L capacity. CancentnUac
of organic* (7-9). However, auch procedures can be tedious, &*••* used were those described by Junk et *L (22), and were of
•specially if * larg« aqueous sample is to be extracted with 10° "̂  capacity.
. small amount of organic solvent In addition, the distri- . ™* inner surfaces of ail ressrvoin were deactivated (to min̂ ..

may not extract welL performed.
Methods such as headspace analysis (9, 10), gas stripping Q̂  CBromatography. The recovery studiei were performed

(11-13), and distillation (14, Jf5), can also be used to isolate with a Tracer 550 fas chromatograph, with both packed and
and concentrate aqueous organic*. These methods are, how- capillary columns, using an FID detector. The packed column*
ever, generally restricted to volatile, low moleclar weight used for most of the recovery studies were 2 m x 4 mm Id. glass
compounds. columns packed with 10% Carbowax 20M/2* KOH on 80-100
The sorptJonoforganics on a solid matrix* also an effective mash Ouomosorb W AW. Several high-bouing bssk compounds

concentration technique. Activated carbon (16, 17), porous

^ t Hewlett-Packard 5794A gas chromatograph using s 27 m x
matrix. The effectiveness of macroreticular poly(styreoe- 0.25 mm fused tflka capillary column with a thick film (1.0 Mm)
divinylbenzene) resins for sorbing organic compounds from of the bonded stationary phase, DB-5.
aqueous solutions has been demonstrated (3, 22-24). Haafsats and Chemicals. AD solvents except methanol were
Richard and Fritz (25) developed an excellent method for reagent grade. Methanol was "distilled-in-glass* grade from

the isolation and concentration of organic adds and add Burdiek and Jackson (Muskegon, MI). AD solvents except ethyl
anions from aqueous samples. The organic anions an retained ether were used M recê  JtaeAyl ether used in the elution

aTsa=3s===jss3the anions are converted to the molecular form and elated n̂ nyt-u.-tn..̂ !̂̂ .̂ ^ T̂ ,̂̂ ^̂ ^
from the column with HC1 gas in ethyl ether. *„ thtn distilled from CaH, and molecular sieves just prior to
Now, a similar scheme employing a cation-exchange resin use. The purity of the solvent was checked periodically by blank

is used to isolate basic organic compounds from aqueous analysis.
samples. The sorption of organic bases by cation-exchange Anhydrous ammonia gas had a purity rating of 99.99% and
resins »weD documented (2*-»). A cationHatcnange method was purchased in lecture bottles from Matheson (Jottst, IL). AJ1
has been used to concentrate pyridines from been and worts other diemkak were reagent grade or better. Model '
(31). In the present work a macroporous cation exchanger aiia-c4her rê enU were used witĥ  further

be sorbed by the resin are removed by washing with methanol Cattoa-Exemanfe Procedure. Allow a 2.45* resin sample
and ethyl ether. The protonated bases are then converted (tô j cspscity 7 mequiv) to stand in pure water for 2 h and then
to their free base forms by passing ammonia gas through the add resin slurry to s column plugged with tuanixed glass wool
column and are eluted with either ammonia-saturated Add the aqueous sample to the column from a reservoir sttached
methanol or ammonia-saturated ethyl ether. After careful to the top of the column by using a gravity flow rate of spprox-
evaporation, the individual bases are separated by gat chro- imately 3 mL/min. After sample passage is complete, rinse the
matography. reservoir twice whh 20 mL of water and aQow each washing to

' __ __ enter the column and draiar-Blow out the column briefly with
EXPERIMENTAL SECTION . gentle *nam of air. Raattach the reservoir, rinse the walk with

Catien-Exchange Resim. A cation-exchange resin was prs- 10 mL of methanol, and allow the methanol to completely fill the
pared from the macroretkular pohXstvreoe-divinyibenzene) eo» column. Cap the column and shake to remove entrapped air.
polymer XAD-4 (Rohm & Haas, Philadelphia, PA). The resin Allow the methanol level to dram to the top of the resin bed and
was ground and dry sieved. The 80-100 mesh fraction was re- then ehrte the column with a second 10-mL portion of methsnoL
tained and •*T«ft-Uny Soxhlet extracted with methanol, tetra- Gently blow out the methanol from the column with a stream of
hydrofuran, acetonitrik, acetone, and ethyl ether for 10 h each. air. Without ̂attaching the reservoir repeat the washing pro-
The purified resin was then dried overnight st 50 *C. cedure with a 10-mL portion of ethyl ether, followed by a 15-mL
The XAD-4 resin was sutfonated by adding a 10-g sample of portion.

resin to 200 mL of concentrated (96%) sutfuric acid and 100 mg Place a concentration flask beneath the column and blow out
of AgjSO* that had been heated to 110 *C. The reaction mixture the residusl ether with a slow stream of ammonia gas. Continue
was stirred for£5h and then allowed to cool to room temperature. passing ammonia gas until about the top 90% of the column has
When cool, the reaction was quenched by pouring the reaction become lighter brown in color, indicating conversion of the retin
mixture into 2 L of distilled water with ice. After quenching, the sites from H* to NH|*. Stop the ammonia gas flow and sdd 10
resin was filtered off and placed in a 15 cm X 8 mm Ld. Pytex mL of eluent saturated with ammonia gas to the column. (This
column with a stopcock at the bottom. The resin was flushed is prepared by bubbling smmonis through cooled solvent for shout
with 2 N HjS04 until the effluent was free of Ag* ions. The lOmin.) When the liquid level reaches the top of the resin bed,
•ulfonated resin was removed from the column and Soxhlet ex- add a second 10-mL portion of NH, eluent, cap the column, and
tracted for 10 beach with methanol, scetonitrik, and ethyl ether. shake gentry to remove entrapped air. Psst the remaining solution
The resin was returned to the column and alternately changed phis a final 20-mL portion of NHS eluent through the cohu
from the H* to the Na* form several times with 2 N NaOH and Concentrate the 40 mL of effluent to approximately 1 mil
2NHCL Finally, the resin, in the H* form, was washed with 100 cording to the procedure used by Junk et sL (22). Use a port ̂ _
mL each of distilled water, methanol, and acetone, and dried of the final 1 mL concentrate for gas chromatographk analysis
overnight at 50 *C. of the individual sample bases.
The capacity of the sulfonated XAD-4, as determined by direct Regenerate the resin column immediately sfter elution by

and indirect titration, was Z86 mequiv/g. sequential washing with 30 mL of NH, eluent, 50 mL of pure
Concentration Apparatus. The columns, reservoirs, and watar, 50 niL of 3 M hydrochloric scid,SDd 150 mL of IMsulfunc

three-plate Snyder distillation columns used are described else- acid. Finally, flush the cohinmwttiiî irewsieruntiltite effluent
wh«r» (3. 22V Th« column dimensions were IS cm X 8 mm Ld.. is neutral '
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Procedure for Recovery Studie*. To prepare samples of compounds aorbed by the resin. The subsequent wash with
known solute concentration for recovery studies, add the desired ethyl ether completes the elution of neutral org anics and
amount of water to the reservoir and then add a calculated amount washes out the residual methanol
oft standard solution from a syringe to produce a water sample A* «— * «.i., .«i.,.«* /-*u i *u *v u -,
£ detired final concentration. Swirl to mix the solution. Carry .£ ****«$! «°lvent ̂  eth« or ""thanc-D -turated

piked sample throug h the cation-exchange concentration, wth «nun°ni» gas was used to convert the sample cations to
oration, and fas chromatographic steps as outlined above. neutral species and elute them from the column. However,

_ jl«te the percentage recovery by comparing the peak heights »* quickly became apparent that this procedure was not
(or peak areas) of the spiked water sample with those obtained sufficiently reproducible. It is difficult to prepare reproducible
by adding the same volume of standard solution to 1 mL of the solutions of ammonia in either solvent. Elution of sample
eluting solvent and chromatographing directly. All chromato- components varies considerably from one run to another unless
graphic peaks were normalized to an internal standard. 1 1,̂  coim̂  of ̂  t]aeat j, û  However, a large volume
Solvent .Extraction Procedure. Extract an aqueous sample, of eluent necessitates a longer time for evaporation and the

spiked with known concentrations of model organic compounds, w.-u :. .i.~ ;-_. ... j on.. _̂  . jj-»-» *
With four 10-mL aliquots of purified ethyl ether. Di«ird the "•£ » *° m"f"*J iPf -" ? T *mmom' «?
aqueous layer snd remove the last traces of water from the to *£ "*"** *&*** ̂ution « ample compounds with
combined extracts by freezing in a bath of liquid nitrogen. a rather small volume of ammonia in solvent nicely avoids the
Transfer the 40-mL extract to a concentration flask, concentrate difficulties mentioned above. Neutralization of the hydrogen
as in the resin procedure, and calculate the percentage recoveries ion function of the exchanger with ammonia gas is followed
after separation by gas chromatography. easily by a change in color of the resin column.
Real Samples. To prepare river water samples, filter 2-L When this research was begun, only packed chromato-

aBqaets through .medium P*4« f>~ frî '̂̂ aî - l«phk columns or coated glass capillaries were available for

n5 g of resin, and auWgravity feed. Wash with 60 mL each (2 T̂*̂  **??* ** ̂fŷ ac ̂resolution that
xffiinL)c/ methanol and ethyl ether to «nwore<M«npleUitimoval could be attained. However, the fused silica GC column with
of neutrals. For the remaining procedure, follow that used for • chemically bonded stationary phase provided esay separation
the model compounds recovery study. After GC/MS analysis of and excellent resolution of moat bate mixtures.
the 1 mL concentrated sample, reduce the volume further to 0.1 Recovery Studies. Recoveries for a wide variety of model
mL with a stream of dry helium, and recbromatograph to enhance Cyanic compounds by the cation-exchange procedure are
peaks of minor components resented in Tabk L v was

glass frit Dilute this with 700 mL of pure water for a ILtotal 1.
sample. Reduce this sample also 0.1 mL after GC/MS analysis eiunons seem justified:

Khromatograph. Virtually all of the basic compounds tested give good to
\ shale process water sample was run without filtration, since excellent recoveries with at least one of the eluents. Indole
icuktes were present Dilute a 60-mL sample with 50 mL and carbazole do contain nitrogen but they arc hardly basic
r water and run through the same procedure as that for at afl and therefore give close to «ero percentage recoveries.

*e previous real samples. Dinhenytamine is also a .very weak base and might be expected
RESULTS AND DISCUSSION to give a tow recovery.

Development of Method, The general scheme for the S*9**! !>•* compound* giyt significantly higher recoveries
elective concentration and determination of basic organic wb*n ammonia in methanol is used as the eluent This is a
ompotmds in aqueous samples is as follows. A measured consequence of the higher solubility of ammonia in methanol
volume of the aqueous sample is passed through a m«Jl •od P*ri>*P* of the better solvating properties of methanol,
column filled with a special cation-exchange resin in the by- compared with ethyl ether. Distflled-in-glsju methanol is
Togen form. Basic compounds take up a proton and are available which requires no further purification, while ether
stained by the ion exchanger as a protonated «mi~ cation. muit ** further purified before use. However, the greater
Many neutral organk compounds are also taken up by the volatility of ethyl ether and its superior properties as a solvent
ton-exchange resin by sorptive effects, but these are removed for ̂  Mmplas make it the eluent of choice for those com-
y washing the resin column with methanol and then with pounds where the recovery is satisfactory.
thyi ether. Next, the interstitial solvent is blown out and The lower recoveries of some aliphatic amines and o-
ammonia gas is passed through the column to neutralize the phenyienedJamine are due at least partially to losses during
hydrogen ions of the ion exchanger and partially convert the the concentration and evaporation step. Spiked 40-mL sam-
-rgmnic amine cations to the free, molecular bases. The organic pks of ethyl ether showed significant lossei of n-hexylamine,
ases are then eluted from the column with an organic solvent n-octylamine, and o-phenylenediamine when concentrated to

saturated with ammonia gas. The effluent is carefully evap- 1 mL with a Snyder column. It is possible that looses of some
"rated almost to dryness and a portion is injected into a aliphatic amines could occur by irreversible adsorption on
ipfllary-column gas chromatograph in order to separate the active sites of glass columns and concentration vessels. The

-idividual sample components. . improved recoveries with •mi»m«i« in methanol support this
In previous work in which an anion-exchange resin ws* used hypothesis because adsorption would be reduced in the more

"o selectively retain anions of organic acids, quaternized polar solvent
LAD-4 was found to work much better than the other resins The selectivity of the cation-exchange concentration for

Gel-type resins and commercial macroporous resins bask compounds was checked by running several neutral
to partially disintegrate after repeated swelling organk compounds through the procedure. With either eluent,
; in the enhmn* used Because of this experience, the recoveries of ethylbenzene, o-dichlorobenzene, indene,

•tion-exchange resin used in the present work was prt- nipthakne, methyl tauoite, and dietiyl phthalate were
pared by sulfonating XAD-4. Sulfonation is very easy to essentially zero at 1 ppm initial concentration. In addition,
perform and the resulting ion-exchange re»in h*« n*rfnrm*>4 Metal, hetanal, bromoform, n-decane, metitylene, and 2-
•11 in all respects. ethyi-1-hexano! gave zero percent recoveries at 1 ppm using
In the washing step, methanol remove* \ the NHt ether ehwnt This selsctivty k probably a conse-

fiom the column and ehites (at least in part) neutral organk queues of the washing step because at least some neutral
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Table I. Recovery of Basic Compounds from Aqueous Sample* by the Cation-Exchange Method0
_______recovery, %

NH,-ether NH,-etherNH,-CH,OHNH.-CH.OH
compound BOppb* 1 ppmc 50 ppb* 1 ppmc

Aliphatic Amines
hexylamine 34 46 80 85
cyciohexyiamine 35 47 79 84
octylamine 38 45 80 91
2-ethylhexylamine 34 48 72 98
diailylamine 84 86 88 86
dipropylamine 33 83 87.
dibutylamine 89 93 99 99
dihexyiamine 90 86 84 95
N-methylcyclohexylamine 91 91 99 97
dicyclohexylamine 84 88 86 95
triallylamine 88 88 89 91
tributylamine 89 93 91 96

Aromatic Aminea
aniline 88 90 95 95
o-toluidina 88 87 88 96
m-toluidine 87 99 89 99
o-chloroaniline 83 86 82 97
p-chloroaniline 84 92 83 97
2,5-dichloroaniline 66 92 79 92
N-methylaniline 90. 90 98 98
N.Ar-dimethylaniline 86 88 99 99
MJV-diethylaniline 91 89 96 97
diphenylamine 10 15 46 48
1-naphthylamine 80 74 80 81
o-phenylenediamine 36 69 39 71

Heterocyclic Compounds
pyrrolidine <3 6 66 71
piperidine 6 17 93 93
morpholine 46 67 99 98
Ar-methylmorpholine 93 99 92 99
piperazine <3 4 86 92
imidazole <3 10 91 100
3-methylpyrazole 44 78 87 97
3,5-dimethylpyrazole 46 78 91 97
indole 0 0 0 0
carbazole <3 4 <3 4
pyridine 76 87 96. 95
2-picoline 87 89 94 98
4-picoline 96 90 95 99
4-isopropylpyridine 88 88 92~ 96
2,4-lutidine 90 91 91 94
2,6-lufldine 98 98 98 97 y-,
2,4,6-trimethylpyridine 90 88 100 100 I_I
2-aminopyridine 40 60 89 99 cn
2,2'-bipyridyl 86 100 90 . 100 -3"
quinoline 90 97 99 99 CD
isoquinoline 87 100 99 100 r~>
quinaldine 88 87 97 97 po
2,6-dimethylquinoline 90 90 97 98 VJ
acridinc 90 90 88 89 t̂
benzo[Ji]quinoline 90 91 96 96 "•»£'
benzo(/]quinoline 92 93 98 98
2-methylpyrazine 83 88 93 96
quinoxaline 77 76 99 94
2,3-dimethylquinoxaJine 84 85 90 95

" Column is 90 x 8 mm filled with sulfonated XRD-4; total capacity is 7 mequiv. All recoveries are an average of four
runs. * 1 L sample. e 100 mL sample.

organic compounds are known to be taken up on the ion-ex- tained by the ion-exchange procedure in Table H. A higher
change resin. Dichlorobenzene was detected in the concen- recovery (and better precision) was obtained in every <
trated methanol wash during the analysis of a mixture of the ion-exchange method except for indole, which is i
dichlorobenzene and several organic bases. basic and should give zero recovery in the ion-exchange j
Solvent Extraction Studies. For several model com- cedure. The low recovery of imidazole could be due to its high

pounds, a spiked aqueous sample was extracted four times polarity (in the solvent extraction me"
with ethyl ether. The combined extracts were evaporated and evaporation.
the solutes separated by gas chromatography. The recoveries Analysis of Real Samples. Geucrmuy, ine amount and
of these model compounds are compared with recoveries ob- variety of basic compounds found in natural water samples
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Table II. Comparison of Recoveries with Solvent
Extraction and Resin"

recovery,%
solvent resin

compound extraction procedure
tributylamine 73 t 4 93 ± 4
2,4,6-trimethylpyridine 72 t 6 88 t 1
dihezylamine 64 t 5 86 x 1 TIME—*
Ar.N-diethylaniline 65 t 8 89 t 3
AF-methylaniline 78 t 7 90 t 4 Ftyn 2. FID chromatogram of basic material Isolated from shale oi
o-toluidine 81 i 7 87 ± 2 process water. QC condUons are the same as those grven m Figure
2-aminopyridine 12 ± 2 60 ± 2 1- Compounda Identified by GC/MS and confirmed by retention Ume
quinoline 83 t 6 97 t 3 matching are (1) pyrlrJne, (2) 2-oicolne, (3) 4-pcoline. (4) 2,6-MkJirw.
isoquinoline 79 t 9 100 * 3 <*> 2.4-UMne. (6) ar*ne, (7) t4.6-WmetriytyTKlne, and (8) leoquinoene.
imidazole 2 ± 3 10 ± 4 ___________________________________
2,5-dichloroaniline 78 * 8 92 * 5 Tabte m. Compounds Found in Shale Oil
indole 75 t 12 0 i 0 Process Water

" All at 1 ppm in 100 mL of solution. ______ concn
" " (av of 2 runs), UD

compound ppm 0̂
4-picoline 5.2 -3"
2,4-lutidine 17.0 V£>
2,6-lutidine 2.9 f—>
2,4,6-trimethylpyridine. 17.6
aniline 1.6
isoquinoline 1.3

Figure 1. FID chromatogram of compounds Isolated from an agrt-
__ Dichlobenil (chemical name is 2,6-dichlorocyanobenzene)

«*>._!.-... -»/, •(•» Mjui contains only cyano nitrogen. The herbicide Diohenamidwmn B> *a*i w*m / . , . • « >r» .. .. .«._... . . r.. .

uJLU

held for 10 mln; tajectfon volume waa 2 vL spat 100:1. wHh hafcm (chemical name, N,N-dimethyl-2,2-diphenylacetamide) con-
carrier gas. Compounda kfentffied ware (1) Ŵ -dhmthylcyclohaxyl- tains only the very weakly basic amide group. The reason for
>amJne, (2) acetophenooe. (3) Dtchtobeni. (4) 1-naohthylamtne, (5) obtaining chromatographic peaks of these three compounds
Slmazine, (6) Ahudne. (7) Trietê na. and (8) Ophenemkl An asterlak j, not entirely clear. Perhapa there is some interaction with
indteate* compounds not confirmed by ratatitton Ume matcWnfl. the sutfooate group of the cŝ nauiangBr or else the solvents

, . ., , . , _., ,». 0 . ... used in the washing step failed to remove these compoundsare much less than for acids or neutrals (32). Basic material from the resin. ^̂
"̂ J* ̂M011 *"*£**?*"* m th«w«ter or "f A sample of shale oil process water was carried through the
cuted with tht humic and ftihne acids usually present bi iô î̂  concentrat̂ scheme with .uoseqiwnVGC
addition, there are fewer natural sources of basic materials, ^̂  The chromatogram, shown in FigureTcontained
»othepr«enceof orgamc bases in a natural water system can ov§r w ^̂  Combined GC/MS analysis indicated that
usually be attnbuted to an outside source As an example, mort of the peaks were substituted pyridines, aniline,, «d
^̂ *Ẑ ?'Ŝ ^̂ m%l̂ *̂ quinoline iwmen. The id̂ tificationVf «,veral compound.was .ttnbuttd Ito the effluent from a nearby dye manufao ^ ̂ ^̂ ^ ̂  mgtdlfaf ̂^̂  ^̂  wfth ̂'̂ own
tunnf plant (33). ...... U0! «A* compounds. A partial iiat rf the compoundj identified k given

mTabteIIL Tn« co«»tratk)M were eatiiiiated by standard
the internal

three small peaks, two of which were tentatively identified ACKNOWLEDGMENT
as pyrazole and a methyUthylpyrid™ > isomer by GC/MS ĵ  tuthort ̂̂ 1̂  acknowledge J. Beane, J. Richard.
analysis. The thud peak was umdenfafied. Nicotine was the ^ Avwy> ̂  G< Junk fof ̂j, ̂  ^ ^ QC/Ĵ  ̂k
only compound identified by GC/MS in the Skunk River ^ j ĵ  for collection of the Delaware River water sample.
sample. A second 2-L aliquot of the same sample again
showed the presence of nicotine, and some benaoWquinoline, H-H*try No. liexylamma, 111-2

aliquot was analyzed to check for these compounds,

in the chromatograms remain unidentified. Whileaquan- cvclohexylamine, 101-83-7; triaOyiamine, 102-70̂ ; tfoutylamine,
titative analysis was not performed, a rough estimate of the 102-82-9; aniline, 62-53-3; o-toluidine, 95-53-4; m-toluidine, 108- . ,̂ -.
nicotine concentration would be below 50 ppb. 44-1; o-chloroaniline, 95-51-2; p̂ hloroaniline, 106-47-8; 2̂ 5-di- \ .̂
T̂  gas chromatogram c»fccimpourjds isolated from a sam- chloroaniline, 95-82-9; N-methylaniUne, 100-61-8; NJ4-di-

ple of supernatant water from an agricultural <̂ j*™«̂ > disposal methylaniline, 121-69-7; N̂ -diathylaniline, 91-66-7; diphenyl-
pit after concentration by the ion-exchange procedure is shown amine, 122-39-4; 1-naphthylamine, 134-32-7; o-phenylenediamine,
'in Figure 1 Many of the compounds present have been 96-54-5; pyrrolidine, 123-75-1; piperidine, 11049-4; morpholine,
identified, at least tentatively, by GC/MS awly.it. The ̂ Ŝ ^̂ ^̂ l̂ ^̂ Ŝ
compound̂  identified are the following: l-nu>hthyuunine, *«nrii«'̂ » o-iu*wjn/jiui*/n, j*uir«ru, â /-iuureujjri
Simazine, Atrazine, Dichlobenil, Diphenamid, N̂ -di- nSS-l; 2-picolina 109̂ 06-8; 4-pi'colint 108̂ 89-4-4-isopropy]-'
methylcyclohexyUmine, and Trietazine. All but the last two pyridine,' 696-30-0; 2,4-lutidina, 106-47-4; 2,6-lutidine, 108-48-5;
have been confirmed by matching retention times with those 2,4,6-trimathylpvridine, 108-75-8; 2-aminopyridine, 604-29-0;
of authentic samples. In addition, acetoij|eBbft ftafci4|nQ C 2̂ -bipyridyi 366-18-7; qtrirjoUn*, 91-224; inoquinolia*, 119-«S-3;

i tified, which of course contains no nitroten. The nerbicidi quinaldina, 91-63-4; 2,6-dimethylquinolino, 877-43-0; acridine.
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260-94-6: benzo{fi]quinoline, 230-27-3; benzo(/1quinoline, 85-02-9; (15) CMuv E. 3. K.: Kuo, P. P. K.; Coopw, W. J.: Cow«n. w F., Fu»m««.
2-methylpVTazine, 109̂ 6-0; quinoxaline, 9M9-O, 2,3-dimethyl- l'il£?ir̂JS'iJ'*Sflno': 1t77' ' 'A __
i««.]in» 2379-55-7- JVJV-dimethvlcvcloheTvUmine 98-94-2- - - : *- J- AO»w»«1 wton AdKxpdor ofquinoxaline, 237̂ 7̂, Ĵ -̂ etnyî ciotexy tome, 3*-»t-̂  ^ ̂  A,,,,̂. f̂.. ̂  ̂ ^̂  3̂ ,̂... ̂  *„„„, MI, i»ao;

•cetophenone, 98-86-2; dichlobenfl, 1194-65-6; umazine, 122-34-9; Vo*. 1 and 2.
•truine. 1912-24-9; trietazine, 1912-26-1; diphenamid, 957-51-7; (17) w«w, w. J.. jr.; w V«M. B. u. j.-A/n. *«*• worta AMOC mi
water, 7732-18-5, (1§) »̂ g*. ĉ .̂  1§7tt ,Wi ie7̂
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Preconcentration of Trace Elements in/Natural Water with
Cellulose PiperazinedithiocarboxylateXnd Determination by
Neutron Activation Analysis

Sakingo Ima4/ Motoho MurtX, and Akka Hamaguehl
Puotc HM/tf) AasMfch /nstftUW of Koto Or/, 44, ktrmtofnm-tmktiiqtN ChooJtu Kbo». Japan «50

Mutsuo Koyama
FttsMrch AtMCtor InttHutf. Kyoto U**n*y. Nod*. Kurrmtort<tto, Sennan̂ un, Osaka. Japwi 590-04

To prepare ceiutoM plp«razkMdNhloearbexy1at« (PIO), to- effectively becauee of its high temitivity. An inherent problem
sytcalulOM was rtaettd with piparazkw to glv«>ftw amlno- auociated with neutron activation of the water samples is
celutOM whldi was than roaetad wtth carbon dswNkte. The finding a preconcentration method by which neutron irra-
preconeentratlon of the trace elements was aocompisheo: by diation and measurement become feasible. Therefore, it U
the PIO column operations. Ten Hers of nVe/water or spring desirable that the concentration of a number of trace elementa
water sample was pas*ed trirwigh ttte coUhn at a given pH. be made at the same time by a one-step procedure.
The packing, were taken out of the colun£, dried at 110 'C. Ĵ̂  ^ ««Î »«*«ta, attempts have been made to
andll̂ bumedtoasheehialoŵ ern|)ê pUsfnaather. iynÎ *}ze ̂^̂ ased polymer. wnUming Ae jiithio-
Th. MhM w«. encapsulated In pory^Tabbta of the *

tosylcellulose, andtbu treated sparately wthanffine,
sample and the coWntr.Hon of 11 elemeiits to ^̂ ^ b̂utylamine, and piperazine to obtain four

natural water samples was determined. nocelluloses. These aminocelluloses were then treated with
a n O n C i. Q "9arbon disulfide to furnish the corresponding cellulose di-
H H O U O 4 3 Siocarboxylatas AND, BZD, BUD, and PID.

For simultaneous determination of trace elements in natural Comparative studies have been carried out on these four
water samples, neutron/activation analysis has been used cellulose dithiocarboxylates in regard to pH dependency of
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Covalent Binding of Aromatic Amines to Humates. 1. Reactions with Carbonyls
andQuinones o

CO
Georg* E. Pantt , 9
OiviskMi of Chemical Technology, Pood and Drug Administration. Washington, D.C. 20204

• The reaction of several ring-sub.tituted anilines with hu-
mate hu been studied in aqueous solution. The primary f™! jnetbods for systematically monitormf these rescues are
amines bind to humate in two phases. Initially, a rapid, re- ĉking. In this paper some variables affecting the rate and
versible equilibrium is established, which may represent extê  of *• »«*»«« ta*"« «~matic amines and humates
formation of imine linkages with the humate carbonyls. are investigated and discussed in terms of possible modes of
Subsequently, there is a slow reaction that is not readily re- adduct formation. . . . . . . .
versed. The slow reaction is thought to represent 1,4 addition _ "» "d B*ftnt (1- 2) P™P<»** formation of ufiines (anils,
to quinone rings followed by tautomerization and oxidation *<*»?• ***"> to 1.fcount .for ** reYer?lbl* bind'n« °*. .
to give an amino-substituted quinone. The slow reaction is not ™atlf T00*", '""* """f m̂ ' J?1M «"™«V<».
likely to be imine formation or other processes that require *" !•» a weU-knownreaction (3-5) The reaction » very fast
primary amines because N-methylaniline, a secondary amine, «d ̂  "versible. Water is one of the products of the reac-
also react* with humate. These processes represent ways in ?on' *nd« exce" ̂  watfL «"* to ̂  tf'e?.'ill!b"̂
which aromatic amines may be converted to latent forms with ^ to ̂  """J "'̂ bonyl compound. It is likely that
undetermined effects on the biosphere. amines react. with carbonyl groups in humate, but it is not

clear where the equilibrium (Reaction 1) lies in aqueous
media.r A number of important pesticides, dyes, explosives, and

other industrial chemicals contain moieties that are converted ArNHj + 0— CR? *s ArN— CR̂  -m̂ O . (1)
to aromatic amines in the environment Several lines of evi-
dence indicate that aromatic amines become bound to soil Cranwell and Haworth (6) and later Hsu and Bartha (1, 7)
organic matter (e.g., humates) by covalent bonds. Important proposed reactions that could lead to the incorporation of
questions have been raised concerning the lability of the primary amines (e.g., aromatic tmioesAndapino acids) into
amine-humate adduct. In particular, more information is soil organic matter in modes that SfcJJdjDeJtQtl̂ ey î istant



to hydrolysis and not readily exchangeable. The first step in Jab|t L Qag Ctvom^iovaftMc Retention Times
this process involves a reversible Michael addition to qui-
nonelike structures (present in humic matter due to oxidation
of phenols). The addition is followed by tautomerization and
oxidation yielding aminoquinones (Reactions 2 and 3). The an"ine A , °-34
amino group may react further by essentially the same addi- MffltftytonWn. NMA 0.51
tion-tautomerization-oxidation sequence to form a variety 2-tokiidine 2MA 0.55
of nitrogen heterocycles (Reaction 4). The nature of the re- 3-tokj«ine 3MA 0.55
suiting heterocycle will depend upon the reactive sites (R) in 4-toluidine 4MA 0.59
the humate juxtaposed to the aminoquinone. 2-chtoroaniline 2CA 0.63

4-chloroartllr» 4CA 0.84
2-ehloronttrob«nzan« 2OB 1.00
2,5-dtehloroanJline 25OCA 1.49
3,4-dlchtoroanlline 340CA 2.22

0 O\ /
/~\t \
/~~\
R___Njf

•Pwkkv£lni«r Mods! 3920. IntKtor 2SO*C. eoMm 150 *C——...
mucter tattriac* 220 *C; coMm 6 n X 4 mm l.d. Qlau. 10% OV-101 on
80/100nn«hO«amM>toW>f>;Mkiiicvri«rgM, 33mL/min. *SoK«ntp«k
0.66 mta; rwtion turn of 2CNB was 4.74 min.

Humate H-l. Commercially prepared sodium humate
(Aldrich Chemical Co., Milwaukee, Wis.) was extracted se-
quentially with acetone and methanol in t Soxhlet apparatus.

(3) Upon evaporation, the, ace tone extract yielded a light yellow
solid (0.01 g/g of humate). The solid obtained from the
methanol (0.03 g/g of humate) was brown. The black solid

NrW remaining after these extractions was designated H-l. About
30% of H-l was found to be insoluble in distilled water. The
insoluble material appears to be humin.
Humate H-2. Commercial sodium humate was suspended

(4) in distilled water (10 g/L) in a shallow bowl. After 5 days the
dark liquid was decanted from a gray solid that had settled.
The solid obtained by evaporating the dark liquid was ex-
tracted with methanol to remove any organic contaminants

R • quinone moiety in humate and designated H-2.
Humate H-3. The commercial product was suspended in

0.5 M sodium hydroxide and centrifuged. The liquid was de-
Asa rule of thumb, progression along this sequence of re- canted and a solid was precipitated by adjusting the pH to 2

actions is expected to make the amine moiety more resistant with HCL This cycle was repeated three times; the base-sol-
to removal from the humate. After the addition reaction uble solid was then washed with distilled water and freeze-
(Reaction 2), the amine residue should not be removed from dried This product, H-3, is an acid rather than a sodium salt,
the humate by simple extraction, but prior to oxidation (and and it does not dissolve readily in water until the pH is raised
perhaps even after oxidation in some cases) it might be dis- to about 9. Once dissolved, H-3 will stay in solution at pH
placed from the humate by a suitable competing reagent After 4.
oxidation (Reaction 3) and particularly after reaction with Humate H-RB. Humate H-2 (1.54 g) was treated with 0.21
quinone moieties near the site of the iiutial addition (Reaction g of sodium borohydride in 20 mL of pH 9 sodium borstc
4), the amine moiety probably resists vigorous acid (6) or base buffer. Foaming was dispersed with 6 mL of 2-propanoL After
(7) hydrolysis. 1 h, gas evolution was very slow and an additional 0.11°\

It is currently impossible to prove or disprove the existence NaBHt was added. The reaction mixture was allowed to ftend
of these or other linkages of amines to humates by direct for 3 days; it was then taken to dryness and methanol was
spectroscopic means. Indirect support for certain mechanisms added to destroy any remaining borohydride. A control ssffP*
can be obtained by selectively blocking humate functional of H-2 was carried through the same procedure excluding
groups before attempting binding experiments. Experiments addition of NaBH* • u E n
with compounds that serve as models of humate functional Humate H-RS. Humate H-2 (0.62 g) was treated ̂"JT
groups demonstrate reactions that might occur with humic mL of a dilute HC1 solution containing 0.437 g of SnClj. Tj*
matter, but extrapolation of these results to sofl organic matter solution was mixed by shaking and allowed to stand for »
is speculative. With these facts in mind, we report the results before use in binding experiments. A control sample of***
of our experiments on the reaction of aromatic amines with was similarly treated with dilute HC1 not containing SB̂ *
humates and compounds that are models of carbonyl and Model Compounds. In the course of these a
quinone functional groups in humates. The working by- dimethoxybenzaldehyde (veratraldehyde) and
pothesis that guided the experiments reported here is that the quinone were used to model simple aldehyde and
results pertain to the position and dynamics of Reaction 1 and functional groups that are found in humic matter.
the rate of Reaction 2. these compounds was reacted with 4-chloroanilsne on iparative scale to obtain products that may simulate anUU»-
Experimentol humate interactions. ' ̂.
Materials. All chemicals not specifically cited were reagent /̂ .(4-Qik)roplMnyl)-3,4xiimethoxyoenzaldehydeimine ^
rade products obtained from commercial dealers. The amines prepared by dissolving 1.3 g of 4-chloroaniline and 1- *
an listed in Table I and abbreviations used in the text are veratraldehyde in 10 mL of methanol Within 15 mm, ^

-—-—- —--•—?.".-i-j gg white needles. The product we*



crystallized 5 times from methanol, and three crops of white In the first two preliminary experiments, absolute recov-
needles were collected (0.2,1.0, and 0.5 g, respectively). The cries were determined using external standards. It soon be-
roduct's infrared spectrum showed no N—H and no O-O came apparent that the precision of this method was limited
bsorptions. The starting aldehyde absorbs at 1660 cm"1. In to a standard deviation of ±20% due principally to com-
•duct, the 1689-1471-cm~l region where the C-»N ab- pounding of errors in volumetric transfers. A systematic error

n is expected is obscured by other bands. This product due to incomplete extraction and losses in the drying and
at 83-84 °C. The compound did not decompose to 4CA concentration steps was also introduced. The latter losses were

•hen injected onto the GC-N/P in anhydrous methanol. particularly significant when the extracts were concentrated
The reaction of p-benzoquinone with ring-substituted and to 1 mL and they tended to be greater for lower boiling aro-

V-methylanilines in methanoLproduced deep red solutions. matic amines. Thus, for the remaining experiments where
V'hen the quinone was in large excess, the solution was stable higher precision and optimum recoveries were desired, an
.or long periods, but when the molar ratio of amine to quinone internal standard, 2-chloronitrobenzene, was added to the
was 1:1 the red solution rapidly produced a brown precipitate. amine before it was mixed with the humate or model com-
"he amines used in this study did not react with 1,4-hydro- pounds, and results are reported as recovery relative to the
uinone in methanol on the time scale at which reaction oc- internal standard. By concentrating the extracts with the
curred with 1,4-benzoquinone. However, as M-hydroquinone internal standard only to 5 mL the precision of analysis was
«as oxidized by air to 1,4-benzoquinone the solution did limited only by the random variations in detector response
lowly turn red. and retention times inherent to the GC-N/P system and the
The infrared spectra of the red and brown products isolated measurement of peak heights. The precision was typically

by column chromatography (benzene/silica gel) from the re- ±5% except when peaks leu than 10 mm (usually late eluting
iction of 4-chloroaniline with 1,4-benzoquinone in methanol peaks, i.e., 25DCA and 34OCA) had to be compared with the
howed only one band for N-H stretching. It is known that internal standard. In these cases precision fell to ±10%. The
irimary amines have two N-H bands in their infrared spectra, recovery efficiency of all aromatic amines was acceptable, and
tecondary amines have only one (8), and imines (RN—CRj) over a long series of measurements the absolute recovery of
have none; therefore, the products appear to be N-(4-chlo- the internal standard was found to be 104 ± 21% standard
uphenyDaminobenzoquinones. In the spectrum of the brown deviation.
iroducts, the peaks attributable to the 4-chlorophenyl group Kinetic Experiments with Model Compounds. In kinetic :

, v U550,1460,1380,1270,1080,1000,810, and 520 cm"1) were experiments with model compounds, samples of the aqueous
j-< sore predominant than in the red products. methanol reaction mixtures (e.g., 5 ML) were directly injected- £
\ Buffers. In one set of experiments, commercial aqueous into the gas chromatograph. Unreacted anilines were deter- |r
| juffers were used as solvents. Unexpected peaks soon ap- mined relative to an internal standard. Linear first-order rate
H peared in the chromatograms. The commercial buffers contain plots, hi (A] * -kt + In (A]o, were obtained for each substi-
**̂ B&lin (aqueous formaldehyde, 0.05%), which reacts with tuted aniline in the reaction with benzoquinone over more
: ̂ ^̂  to form imines. These imines were identified by mass than 90% of the reaction, except for 25DCA and N'MA, which
' Ĵ ĵ tmetry. All the experiments reported here used buffers were not followed beyond about 30% completion. ?••
-'3 prepared from reagent chemicals in the laboratory: pH 4 po- . j;
* ussium phthalate, pH 7 phosphate, and pH 9 borate. The «nuUt and Ducusnon r.

> buffers were rather weak (e.g., 0.05m) and the actual pH of Characterization of Humates. To ensure that the humate ij
,« the humate solutions when pH 7 buffer was used was between materials used in this study were similar to materials em- j:
.| ' and 8. For this reason, results refer to the "buffer used" ployed in other studies, they were examined by infrared 'r

unless it is stated that the pH was measured. spectroscopy. The spectra were similar to those published by ;(
Gas Chroinatocraphy. A Perkin-Elmer Model 3920 gas other authors (9-11). The humate fractions that had been V

-j ehromatograph with nitrogen-phosphorus detector was used removed by extraction with organic solvents contained leu 1
';| routinely to determine aromatic amines. Good chromato- -OH and more aliphatic C-H than the bulk of the material (L

ftaphic separations (Table I) were achieved using a 6 ft x 4 The reduced humate H-RB had leu absorption in the
nun i.d. glass column packed with 10% OV-101 on 80/100 mesh 1700-1800-cm~' region than H-2, and H-RB had more intense

I Chrornosorb W-HP. Helium carrier gas was used at 33 mL/ absorption in the 1400-1300- and 1100-lOOO-cm"1 regions.
* nin. The injector temperature was 250 *C and the detector These changes are indicative of reduction of carbonyl func-
ioterface was 220 °C. The column was usually run isother- tional groups (*-c-o 1700-1750 cm"1) to alcohols (PC_OH
mally at 150 "C. However, in a few experiments, 2,4-dichlo- 1300-1000 cm~l).

j rotoiuene was used as an internal standard with a flame ion- Preliminary Experiments. Several preliminary experi-
' tation detector, and a lower column temperature, Le., 115 *C, ments were carried out to determine the effects of certain
vis required to separate early eluting compounds from the variables (e.g., nature of the aromatic amine, solvent/pH, ratio

9 , nethanol solvent front of amine to humate, time of reaction, etc.) upon the binding
I Binding and Release Experiments. Typical binding/ and release of amines by humate. These experiments allowed

ft release experiments were run in test tubes (10-20 mL) closed the development of methodology for more precise kinetic
4 *ith aluminum foil lined screw caps. Humate (0.5-1.0 g) was experiments which followed. Since the preliminary experi-

placed into the tared tube and solvent or buffer was added. ments were run for arbitrary reaction periods, they do not
The test compounds (usually in mixtures of three-five com- distinguish between processes that have reached equilibrium
pounds) were added in methanol solution (1.00-5.00 mL of and processes that are still approaching equilibrium at some
lorO. 1 mg/mL) by pipet The tubes were shaken as necessary undetermined rate.

|ure mixing and stored at ambient temperature (21-23 Abbreviations for amines (e.g., A - aniline, 4CA - 4-chlo-
kept in a 30 °C bath as noted. When methanol was the roaniline, 25DCA » 2,5-dichloroaniline) are found in Table

snt, extraction was achieved by repetitive centrifugation I.
fed decantation of the liquid. When water was the solvent, Competitive Displacement. Fuchsbichler and Suss (12)
the liquid was extracted several times with ethyl acetate. In reported that radiolabeled 4CA were extracted from soil more
kinetic experiments with humate, aliquots of the reaction efficiently with solutions of unlabeled 4CA or 34DCA than
fixture were periodically drawn by pipet, extracted, con- with pure water or salt solutions. This experiment demon-
*«ra ted, and analyzed. strates that there must be a limited number of specific binding

I
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sites for which various amines compete. We decided to confirm extracted and analyzed. No additional amine was recovered
this observation for our humate systems and use it to estimate from the humate originally treated with ammonia, but ap-
the number of exchangeable sites per gram of humate. preciable amounts were recovered from the humate samples
A sample of humate H-l was pretreated with a great excess originally treated with acetic acid. In particular, 4CA and e rea

of 4CA (4.7 mequiv/g of humate) in methanol for 3 days, after 34DC A appear to have been selectively sequestered in the
which the humate was repeatedly extracted with methanol, binding phase of the experiment
washed with CHjClj, and dried. We anticipated that aniline These experiments demonstrate that there is a reversible
would be a more reactive amine than 4CA. We added a Urge (e.g., exchangeable) mode of binding of aniline to humates.
amount of aniline (18 pequiv/g of humate) in 1% acetic acid/ The binding sites appear to be saturating at high amine con-
methanol to the humate and let the mixture equilibrate for centrations. Ammonia may be blocking sites by forming im-
1 day. From the methanol extracts, 5.4 jjequiv of 4CA/g of ines with available carbonyls or other reactions.
humate was recovered, compared to 1.4 jiequiv of 4CA/g of The Ortho Subctituent Effect To determine whether the
humate recovered in a control without aniline. Since the small lack of binding displayed by 2CA relative to 4CA in the pre-
amount of aniline could not have significantly affected the ceding experiment was due to steric or electronic effects.
gross properties of the solvent the enhanced recovery with parallel binding experiments were run between 2MA and 4CA
aniline indicates a specific effect The result also suggests that and between 4MA and 4CA. (This experimental design was
the humate has at least 4 jiequiv of sites for exchangeable chosen because 2MA and 4MA were not resolved in the
binding of primary amine per gram. (There may be more ex- chromatograms and could not be analyzed simultaneously.)
changeable and unexchangeable sites.) After 5 days in 50% aqueous methanol solution at 30 °C
Binding and Release of 2CA, 4CA, and 34DCA in Two (treatment levels were 8.3 to 11 pequiv of each amine/g of

Solvent Systems. In Table II, a binding and release experi- humate H-2), the recoveries of the amines were determined
ment involving competition of 2CA, 4CA, and 34DCA is relative to 2CNB internal standards. In both experiments 52T(
summarized. The effects of the amine/humate ratio and sol- of the 4CA was recovered, but only 34% of the 4MA was re-
vent are examined. In the binding phase, methanol with either covered while 85% of the 2MA was recovered. These results
3% acetic acid or 3% aqueous ammonia (the aqueous ammonia indicate that ortho substituents inhibit binding of aromatic
contained 30% NH3 in water) was used as solvent and the amines regardless of whether the subatituent is electron
amines were left in contact with the humate for 3 days. Upon withdrawing (C1-) or electron donating (CHj-).
extraction (two 10-mL portions of methanol) and analysis, it Blocking Humate Carbonyls. In principle it is possible
was found that the absolute recoveries of all three amines were to deduce which functional groups of humate are responsible
high in the presence of ammonia (considering that the extracts for amine binding by selectively blocking them prior to at-
were concentrated to 1 mL before analysis; see Experimental). tempting binding experiments (1). In practice, this approach
In the experiments in which acetic acid was used in the sol- is leu than ideal because (a) it is impossible to modify one
vent, 4CA was not recovered as efficiently from humate H-l functional group without having effects on the overall prop-
as 2CA and 34DCA. Also, lower recoveries are experienced erties of the humate, and (b) it is not easy to demonstrate
when the ratio of amine to humate is lower. spectroscopically that all the chosen sites were blocked.
A third 10-mL methanol extract of each sample was taken Treatment of humate with SnClj (13) yielded a product

and analyzed separately to confirm that all free amines had that was difficult to manipulate. Tin salts were entrained and
been removed. the product was not soluble in water. In binding experiments,

In the release phase of the experiment, the humate samples it behaved much like normal humate.
were treated with 3% acetic acid/methanol containing aniline Reduction of simple carbonyl compounds (14,15)bysodi-
(e.g., 30 Mequiv/g of humate). After 3 days the samples were um borohydride has been well established, and this experience £ V5 me

Table- II. Binding and Rtlcaa* of Aromatic Amintt by Sodium HumaU*

«!•«**/••< M-1 1S 14 11 *M •M 0.7S U 1.1

(1) BinoTng Phase"
absolute
% recovery6
after 3 day*
(a)firsttwo 51 24 SO 37 7.0 21 63 88 85

rrwlhtnol extracts
(b) thW rrwthwtoi 0.5 0.2 0.2 0.02 <0.1 <0.1 0.4 0.8 <1

extract H4
(c) total 51 24 SO 37 7.0 21 83 89 85

__ BUt
TfMMMnl w« MflbM. _________ SS _________ __________ «• _______ __ ________ J1

,
AcOH/CH,OM 2«A 4-CA OCA S-CA 4-CA OCA 1-CA 4«A OCA ___

"ith.^̂ •F.
(B) Release Phase*

absolute % recovery' 1.8 17 12 3.2 4.9 3.7 <O.S <O.S <0.5
arterSoays
(twoObOH
extractions)

total recover*** 53 41 82 40 13 25 83 89 85
• Th« huDM* fc H-1. • Ambtar* Mmpwalur* 21-23 *C. • Exftct eonc«n«raMd to 1.0 n*.
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ys been applied to reduction of aldehyde and ketone func-
tional groups in lignin. There are few references to reduction
j quinones (16-18), but it appears that some quinones can
j reduced by this reagent. There do not appear to be any
ferences to reduction of humates with sodium borohydride,
,t it seems likely that all readily accessible, simple carbonyl

"functional groups and some "core" functional groups (19) can
^ reduced by an excess of sodium borohydride. Infrared
jpectra of H-2 and H-RB show some changes indicative of
carbonyl reduction by borohydride.
When H-RB and a control of H-2 were treated with A, 2CA,

4CA. 25DCA, and 34DCA in methanol for 3 days, it was ob-
jerved that recovery of the amines relative to 2CNB was not
much better from H-RB than from the unreduced control.
However, the recoveries of the amines from the control were
so high (e.g., aniline 76% relative to 2CNB) that any difference
between H-RB and H-2 would necessarily be small. Previous
experiments (Table II) had shown that under basic conditions CD
recoveries of all amines are high. Thus, the humate samples ~ CO
were washed twice with portions of 3% acetic acid/methanol
solution and the binding experiment was repeated. This time,
enough binding was achieved in the control to make the ex-
pertinent a valid test. There were significant differences in the
£ov.ries of unbound aniline (54% H-RB, 32% H-2) and 4CA
,65% H-RB, 54% H-2) relative rio 2CNB L Although more
34 DC A was recovered from H-2 (86%) than H-RB (77%), then _ mtthanol containing the substituted anilines was added). The initial
results are probably within experimental error. Generally, 2CA conuaifcations of tw substituted anMnasvwawtoilowt: A. 4.4 X 10~*
and 25DCA were recovered nearly quantitatively from both M; 2CA. 2.7 X KT4 M: 4CA. 3.3 X 10~4 M; 250CA. M X ur4 M;
humates (i.e., they do not show significant binding). These **9£f̂ 1'? ̂^ 7hi «*•»»«" P*** •» P*oirt recovery relative
results suggest that reduction with sodium borohydride did ̂ JSŜ ŜX̂  2?*?" ***** rteov«y °* *•
affect the ability of humate to bind amines, but the effect i. ST̂ tSES ttSSSKSR ̂
not as clear-cut as might be expected if simple carbonyl

k functional groups were responsible for the bulk of the '<
binding. j|
Kinetic Experiments with Humate. In spite of the dif- were 48, 43, and 71%, respectively. A large amount of 3MA i

ficulties of interpreting reactions involving complex and ill- (3500 Mequiv/g of humate) was added as a coat liquid to avoid i '•
defined materials like sodium humate, several kinetic ex- changing the concentration of the other reactants. After 68 ', I
periments were conducted. The first kinetic runs were set up h, recoveries of aniline, 4CA, and 34DCA were 52, 71, and 83%, '•>
as competitive reactions in which a mixture of aniline, 2CA, respectively. However, even after 476 h the recoveries of ani-
4C A, 25DCA, and 34DCA (with 2CNB as internal standard) line, 4CA, and 34DCA were still incomplete: 72, 75, and 94%,
in methanol was added to an aqueous buffer solution of so- respectively.
dium humate (H-2). Aliquott of the liquid were periodically The Kinetic Order of Phase H Binding. Data for the rate ' ; ;
taken for determination of extractable amines. Figure 1 shows of binding of aniline to humate were taken from two of the
a typical set of data in which percent recovery of the amines competitive runs (employing five- amines in each) and two
relative to 2CNB is plotted as a function of time. Binding other runs in which only aniline and 2CNB wen added to the
apparently occurs in two temporal phases. humate in pH 7 buffer. The initial "phase II" rate of binding
Phase I Binding. The very first set of data, taken minutes of aniline, -d(A]/dt at t « 0, was determined from plots of

after mixing the reagents, shows small differences in the concentration vs. time. The results are summarized in Table
recoverability of the amines (see, 64., Figure 1). While the data tQ and indicate that the rate of binding of aniline varies as the
are not precise enough to reveal sharp distinctions, the trends product of the concentrations of aniHne and humate.
observed for the initial extraction suggested that (a) all amines The reaction thus appears to be first order in aniline and
were recovered more efficiently when humate was in alkaline first order in humate. However, this is probably not a simple
buffer than when neutral or acid buffer was used, and (b) even second-order reaction. If the observed rate were a composite
with acid buffers, 25DCA and 2CA were efficiently recovered. rate, it would still have a second-order relationship as shown
All the amines were quantitatively (92-101%) recovered from by this derivation:

established (i.e., phase I), the recoveries of aniline, 4C A, and " Z*; [A] [S, ]
34DCA continue to decrease slowly (Figure 1). This binding '
appears to be only partially reversible. For example, in Figure where S, are different reactive sites in the humate each with
1, the dashed lines and circles indicate the recoveries of the • unique rate constant *,. When the reaction begins (t - 0),
famines from a sample of the reaction mixture treated at 287 [Silo " Ci(humate]o, where d is a constant characteristic of
?h with excess aniline and extracted at 420 h for comparison the humate, so that at t • 0;
to the untreated reaction mixture. Note that the aniline ap-
pears to have significantly enhanced the recovery of 4C A, -d[A]/df « E(*iC,-[Ajo[humat«]o)
34DCA, and even 2CA. '
In a similar experiment, aniline, 4CA, and 34DCA (30 pe- * (£A:,Ci)(A]o[huin«t«]o

quiv each/g of humate) in pH 7 buffer were allowed to react (
for 195 h at which time recoveries of aniline, 4CA, and 34DCA and 2,>,C, is an appare pnstant deter-



Tabl« III. Initial Rat* of Phase II Binding of Aniline with Humate in pH 7 Buffer at 30 °C Table

conc»nti*Oai* ____ product rat*
-

14» 30 420 0.031 7.38 X 10~«
5.7 41 234 0.022 9.40 X 10~s
5.7 26 148 0.019 12.8 X 10"*
4.4 • 16 70 0.0058 8.29 X 10~5

av (9.47 ± 2.05) X 10~s
' Cofnp»lttlv« runs.

mined by dividing the initial rate by the initial concentrations tenable to propose, as Hsu and Bartha (1) did, that imine
of humate and aromatic amine. formation occurs to a significant extent in nonaqueous systems
Reactions of Primary Amines with Model Compounds. (e.g., anhydrous methanol or dry soil). However, in aqueous

• As reported by Hsu and Bartha (1), amines appear to react systems (e.g., flooded soil) imine formation will tend to be
with humate by two distinct mechanisms. In the absence of limited by the large excess of water (Le., [HjOJ/lArNHj] »
methods to directly determine the nature of the chemical 100) in spite of favorable equilibrium constants (i.e., £«, *
bonds between the amines and humate, reactions with model 100). In other words, we can write:
compounds allow the proposed mechanisms to be tested. The .. . ._ . . ,
results of experiments with model compounds can never prove [umnej/lamine] - K[humate carbonylĴ HjO]
what is happening, but they can sometimes show what is not [bound amine) K([humate carbonyllo - [imine])
happening. [free aminel
Formation and Decomposition of Tmines. Veratral

O 0 O

A + «p-Q + «*—— f\
I I I NHAr
NAr 6 ° (5)

water is required for hydrolysis (Reaction 1). However, when
water was added to the solution of the imine (solution diluted For comparison of reactivities of various amines with hu-
to 16% CH3OH/84% HjO), free 4CA was immediately liber- mate (Figure 1) and quinones, quantitative rate experiments
ated. Formation constants (Kt) for unines an usually cited wen conducted. Ring-substituted anilines and W-methyla-
as the equilibrium constant (K«q) for Reaction 1 divided by niline wen allowed to react with p-benzoquinone under
the concentration of water. pseudo-first-order conditions. The results an summarized

K Iimin«1 ™ T*ble W. The rates of reaction an hi the order 4MA >
Kf*f«ST"r—• it L,̂ T aniline > 4CA > 34DCA > NMA » 2CA > 25DCA.

ItijUJ laminejlcarbonyi] Hammett plots (21.22) for 4MA, aniline, 4CA, and 34DCA
Formation constants wen calculated for the mines of anilines were made using both the usual a and ?+ substituent con-
(Kfm 9.0 M~l) and 4CA (Kt - 3.6 M~l) with veratraldehyde stants (Table IV). The reaction constants p, which wen cal-
at 22 *C in 77% CHjOH/23% HjO, but the formation con- culated from the a and <r+ plots, wen -1.5 and -1.8, rsspec-
stants for the other unines wen too small to measure at the lively. However, the data an better correlated with the <r+
concentrations used hen (e.g., they an less than 1 M"1). The constants, which wen developed for application to systems
thermodynamic equilibrium constants are, of course, much in which substituenta directly conjugate with an electron-
larger since the concentration of water in this solution is about demanding reaction center in the transition state. These re-
15 M (e*, K«q for anOine-imines 9 M~: X15 M - 135). These suits may be compared with p • -0.99 obtained for the
results an similar to those reported by other worken (3). nucleophilic reaction of substituted phenoxides with ethyl
Experiments in which 4CA was displaced from the 4CA iodide in ethanol at 43 *C, and the equilibrium constants for

imine of veratraldehyde wen also conducted. These reactions protonation of substituted anilines by formic acid in 67%
wen run in anhydrous methanol, which made the rates very .aqueous pyridine when p « -1.43 (22).
slow because no more than a catalytic amount of water was Preparative scale reaction between p-benzoquinone and
present It was observed that the extent (and rate) of dis- 4CA produced several colored products. The use of high
placement of 4CA by other amines was aniline > 34DCA 5> concentrations and quinone/amine ratios approaching 1:1
2CA. leads to multiple substitution on the quinoid ring and other
These results an similar to the rapid, reversible (phase D aide reactions (23-25), which wen minimized under the con-

binding of aromatic amines observed with humate. It is rea- ditions of the rate study. a n O H C C n o
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3.4-<

•T«r
|10-JM
[tonuati

Re.
Mode
sugge
of the
comp
'ArNr-
[Secor
[but a:

__:to for
dehyde (3,4-dimethoxybenzaldehyde) was chosen as a hu- ror,™ "W0«cn"PmDie' ™™-«HUK» "Uines wnen A K .̂
mate-model carbonyL When a mixture of aniline, 2CA, 4CA, ' l? to 1000(3) "d (hum.̂  carbonyl]0 - [humate] X 10-3 H .
25DCA,34DCA(e4.,10-»M), and 2CNB internal standard «quiv of carbonyyg (20). W'toco.
was mixed with veratraldehyde (IQ-'M) in 77% CHrf)H/23% Reactions of Primary Amines with Quinones. Primary K In
H20 (v/v, pH 5 was due to traces of sod), an equilibrium was f™nes may reversibly form unines with quinones, but the ™
established immediately. Direct injection of the reaction »̂ Jtable products are the ea labile quinone substitution
mixture into the chromatograph showed loas of free aniline P««ucts (Reactions 2 and 3).
and 40A within seconds of mixing the aldehyde and amines, n A « ĵ founc
and the established concentrations did not change over a pe-
riod of 5 days. To prove that the imine/aniline equilibrium is
rapidly established under these conditions, a sample of the
imine formed from 4CA and veratraldehyde was dissolved in
methanol and found to be stable indefinitely even when traces
of acetic acid wen added because a stokhiometric amount of
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T«bl« IV- R««ction of Substituted Anllln* wHh p-B«nzoqulnon« under Comp«tHiv« Pttudo-Ftot-Qrctor Condition*

4̂ nelhy1anUlne O.MX10-* 2.8 X 10~3 2.9 X 10'* 0.42 -0.17 -0.26
aniiint 1.37X10'
î htoroanlltne 1.02 X 10-
3,4-olehtoroanMne 0.67 X 10"

2.5-dlcNoroafllHne 0.57 X 10~
0.76 X 10~

1.1 X 10~» 1.1 X 10~* 0 00
0.87 X 10-' 0.90 X 10-* -0.087 + 0.23 +0.04
0.16X10-* 0.17 X 10~* -0.81 +0.60 +0.43

2-chk>roenllln« 0.83 X 1CT 0.055 X 1Q-1 0.057 X 10"*
0.0062 X 10~J 0.0064 X 10~a
0.10 X 10~» 0.12 X 10~a

2-23 *C. KMvent 71% CHjOH/29% H]0. Initial qulnene cancenMIIon [Q] - 97 X KT1 M. except tor MmetiytaUine. where [Ql - M X
1<T3 M.* Log (*/*6) - p«. p •- 1.SO. /*- 0.954. « Log «"*«) - ?*«*• ft* " -1-7». <* m 0.9W. ' Reaction carried out *Mlar* «> otier run* *xcapt feet flerm
«ntz«tlon detection waa ueed wtth a column temperature of 115 *C. and 2.4-dkNoratokiene (24OCT) «*e ueed at an Internal ttanaird. Under these eondlttent
M retention time of NMA la 7.6 mm and tie retention time of 240CT la 10.8 mm. Reaction was followed to 67% completion.

Reaction of a Secondary Amine with Hamate and substituted anilines to humates involves two different
Model Compounds. Inspection of Reactions 1, 2, and 3 chemical reactions. When an aniline is mixed with humate,
suggests that it may be possible to distinguish between some a reversible equilibrium is very rapidly established. This
of the possible mechanisms of covalent bond formation by equilibrium is thought to represent reaction of the amino
comparing the reactivity of .primary ArNH2 and secondary group with aldehyde and ketone groups in the humate to form
ArNHR amines toward humates and model compounds. imine linkages. The second reaction is very slow and not
Secondary amines, such as NMA, cannot form imines (3-5),. readily reversible. This slow reaction is thought to represent
but as shown in Table IV, NMA reacts with p-benzoquinone addition of the amines to quinoidal structures followed by
to form the same sort of red product as the ring-substituted oxidation of the product to a nitrogen-substituted quinoid
anilines. Note that the rate of reaction of NMA with p -ben- ring. Subsequent to this initial addition, further reactions may
zoquinone is about the same as 34DCA, and the reaction goes occur in loco to lock the amine moiety into the humate as part
to completion given enough time. of a beterocycle. The effects of chkro and methyl substhuents
In a competitive experiment NMA (5.0 X 10~4 M) and 4CA on the aniline ring are compatible with these interpretations.

(6.7 X 10~4 M) were reacted with humate H-2 (19 g/L, mea- In addition, the conclusions are supported by the observation
sured pH 4 after adjustment with acetic acid and 94% HjO/6% that N-methylaniline (which cannot form imines, but which
CHaOH, v/v). Recoveries of NMA and 4CA after 0.5 h were adds to quinoid rings) reacted slowly with humate.
found to be 97 and 63%, respectively, relative to 2CNB. When
the reaction was allowed to proceed for 8 days before extrac- Aeknowledgment
tion and analysis, recoveries of NMA and 4CA were only 60 The author thanks Pasquale Lombardo and Gregory Di-
and 22%, respectively, relative to 2CNB. Recoveries of NMA achenko for helpful discussions and criticism of the manu-
and 4CA from a sample of humate H-3 prepared by base ex- script Gregory Diachenko prepared the humate H-3 used in
traction and reprecipitation of commercial humate (16 g/L, this study.
measured pH 4 after sdjustment with acetic acid and 94%
H2O/6% CH3OH, v/v) run in parallel with the H-2 humate Literature Cited
experiment for 8 days were 46 and 15% relative to 2CNB. (1) Hsu, T. S.. Bartha. R.. Soil ScT. 11«, 444-52 (1974).
These results are compatible with Reaction 2 being the (2) Hsu, T. S., Bsrtha, R., Soil Sei. 118,213-20 (1974).
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Sorption of Iodide on Copper
Zia Haq, G. Michael Bancroft*, and William S. Fyfe
Departments of Chemistry and Geology, The University of Western Ontario, London, Ontario N6/ 5B7, Canada
Gordon Bird and Vincent J. Lopata
Whiteshell Nuclear Research Establishment Atomic Energy of Canada Limited, Pinawa, Manitoba ROE 1LO, Canada ^' ,

I The kinetics and thermodynamics of the sorption of iodide ^̂ Sf̂ Ŝ fŜ  "̂ ^ °D 8m°°th Sub8trat*s (l2'
on Cu metal, CujO, and CuO have been studied using an o s eet copper. ^^
ion-selective electrode, and a radioactive I2SI tracer to measure / Mf* ..'
Tin solution. ESCA, SEM, and XRD techniques have been Experimental
used to measure and characterize I~ directly on the copper The copper̂ etal used was Fisher electrolytic dust, having
metal surface. The copper surface consists of hydrated or m g,̂  ,{„ «f a0out 30 urn. Fisher reagent grade CuzO and
hydroxylated Cu20, but both copper metal and Cu,0 sorb I- CuO and powdered natural cuprous oxide (cuprite) from
rapidly from solutions havinf [r] > 10-« M. Sorption on Ontario w/re also used. Five rams of the above was added to
copper progresses in two steps: formation of a Cu+(I~)(OH-) 50 ĵ  o/dilute (10~a to 10~« M) Nal solutions at 22 »C for
complex on the surface, followed by crystallization of Cul and varvin/times. Sorbed I- was determined by measuring the
release of OH~ into solution. The concentration of I~ in so- residual I~ in the solution with a pH meter and an Orion
lution (and thus the amount of iodide sorbed at low concen- spe/fic-ion electrode, having a linear sensitivity down to I-
trations) is controlled by the solubility product of Cul (Kv conMntrations of 2 X 1Q-+ M. The radiometric tracer exper-
- 1.1 x 10-12). Desorption of iodide from copper metal also :£entg were ĉ ntd out at room temperature using 25 mL of
is consistent with [I-] in solution being controlled by the sol- yfoj .dution containing »»I tracer, and 0.25 g of Cu, CuzO, or
ubility product of Cul. Oxidation of the copper surface to CuO / CuO. The analyses were made by /3-counting the 128I tracer K̂  y.
results in much poorer sorption of I".____________/ and comparing the counts in the copper solutions with counts

in a similar solution without the copper. Deionized water in
Teflon or polyethylene bottles was used throughout ^̂ _

I29I is potentially one of the more mobile nuclear fission For the ESCA and SEM observations, polycrystalline K̂td pi
products because of its long half-life (t 1/3" 1.7 X107 years) copper sheet (purity of at least 99.9%) was cut to 2.1 cm X 1.0 "̂̂
and tendency to go into solution as an anion that is ifot re- cm plates, degreased in acetone, and then dipped into 5%
tarded by interaction with silicate minerals. As noted very HNOa for 1 min. After the samples were rinsed in water and
recently by Strachan (1), research for removing/2*! from subsequently dried with acetone, they were suspended in 100
nuclear waste has been directed mainly toward the scrubbing mL of Nal solutions of strengths 8 X 10~(, 8 X 10~7,8 X 10"*,
processes in reprocessing streams (2-4), rather/than immo- 8 X 10"', and 8 X 10~4 M. At the end of the elapsed periods
bilizing the 129I for long-term storage. Precipitation of "'I as they were removed from the solution, washed thoroughly in
Ba(I03)2 (3) or Pbla (5) and incorporation of)**I into sodalite water, and dried by sluicing with acetone before being used
(1) have been proposed for long-term storage. for ESCA, SEM, and X-ray diffraction measurements.
Many countries are now considering multiple containment Black CuO was grown on the sheet copper plates by en-

measures for nuclear waste, which woiud include sorbent closing them in a sealed glass tube partially filled with water
buffers and backfill, as well as stable containers or hosts such and heating at 100 *C for 1 week. For sorption experiments,
as glasses, ceramics, or crystalline souds (6, 7). The overall these plates were then suspended in Nal solutions as for
system could include sorbents for iseropes such as I2*I, which copper metal above. A Cul standard for ESCA measurements
may be leached from the initial immobilizing medium. Copper was prepared by a long-established method (14). The sorption
metal appeared to us to be an attractive sorber for I for several capacity of powdered CuO was treated with the I* sensitive
reasons. First, iodine is known «b concentrate around copper electrode and by radiometric counting.
deposits (8) in nature. Secopd, a preliminary study of I~ For desorption studies, Fisher electrolytic granular copper
sorption on copper showed Inat considerable I" is taken out (grain size 100-150 Mm) was used instead of the finer dust,
of solution (9). Third, copper has been proposed as an excel- since it was easier to filter and transfer. Iodide was first sorbed
lent stable container forouclear waste (7). We felt that Cu onto this copper by adding 20 g of Cu to 200 mL of 10~* M Nal
metal as a container, c/a copper salt in the buffer/backfill and leaving the solution for 72 h. The I* sorption was followed
material, could serve *6 sorb leached 129I from the waste. with the specific-ion electrode. The solution was then de-
In this work we present detailed results of I~ sorption and canted, and the copper was washed with water to remove re-

desorption on copper metal, CujO, and CuO, using surface- sidual I". The copper was then added to 100 mL of water at
sensitive probes such as electron spectroscopy for chemical 22 or 82 *C in a stoppered Nalgene bottle, and the desorbed
analysis (ESCA/( 10,11), radiometric tracers, and scanning I~ was measured with the specific-ion electrode.
electron microscopy (SEM) to follow the sorption reaction The ESCA spectra were obtained using â McPherson ESCA
directly and to elucidate the kinetics, mechanism, and ther- 36 spectrometer and an r*
modynamic/of I~ uptake. The ESCA technique is ideally the incident photons and - '• Eight
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Cross-Linkage between Anilines and Phenolic Humus Constituents

Jean-Marc Bollag,* Robert D. Mlnard, and Shu-Ytn Uu

Laboratory of Sofl Mfcrobtotogy. Department of Agronomy and Department of Chemistry, The Pennsylvania State Univers
University Park. Pennsylvania 16802

_ _„. ., ,~ ~ ~ , . _ . ,.~ « change in optical density of 1.0/min at 468 Mm in i_ ...„
• TTie pesticide degradation intermediates 4-̂ oroamhne, of O.i M phosphate buffer solution (PH 6.9) containing 3.24
3,4-dichloroaniline, and 2,6-diethylaniline were examined ^mol of 2,6-dimethoxyphenol at 23 »C.
for their ability to react with various phenolic humus 4-Chloroaniline, 3,4-dichloroaniline, and 2,6-diethvl-
constituents in the presence of a fungal phenol oxidase. ..ji;n. „.,. «K*.LJ4 t.~~> AU.--V. ru • \ r i \ t - \
An initial indication of a cross-coupling reaction was ob- !̂'*wn ̂ £«,hw•r Chem'c,al ̂ MJ
tained by color formation. Althoughalilines alone were Û̂ Vf?' ̂* T "̂"H"]"1*8 w«e ***** "̂
not transformed by a phenol oxidase isolated from the ^̂ ô fuf !?3ystalll2ed *"« &««» petroteum
fungus Rhizoctonia praticola, they readUy cross-linked *Jher' 2,6-Diethylandine was punfied by thin-layer
with phenolic acids or their enzymatic products to form chromatography using Silica Gel F-254 with hexane:ethyl
hybrids in the presence of the enzyme. A number of by- •«*•*• U*3 v/v) as a development solvent Radiolabeled
brid dimers, trimers, and tetramers were isolated and 2,6-diethyl[U-14C]amline hydrochloride with a specific
determined by mass spectrometric analysis. The identities activity of 11.4 mCi/mmol was purchased from New
of three hybrid dimers formed from syringic acid coupled England Nuclear, Boston, MA, and 0.005 nCi (11100 dpm)
with 4-chloroaniline, 3,4-dichloroaniline, or 2,6-diethyl- of radioactivity was added to 1 mL of the incubation
aniline and a hybrid tetramer from protocatechuic acid mixture. Vanillic acid, a-resorcylic acid, and 0-resorcylic
coupled with 2,6-diethylaniline were determined The acid were purchased from Aldrich Chemical Co. (Mil-
formation of the hybrid dimer N-(2,6-diethylphenyl)-2,6- waukee, WI), salicylic acid from Fisher Scientific Co., and
dimethoxy-p-benzoquinone imine from a cross-linkage ferulic acid, caffeic acid, syringic acid, protocatechuic acid,
between syringic acid and 2,6-diethylaniline was quanti- gallic acid, phloroglucinol, resorcinol, and orcinol from
tatively evaluated.___________________ Tridom Chemical Inc., New York. The chemical purity
———————————————————————————— of all reagents was determined by chromatographic analysis
. . . (TLC and HPLC).
Introduction Subetrmte Incubation and Product Extraction. The
Extensive investigations of the fate of pesticides and phenols and anilines were dissolved in ethanol and added

other xenobiotics in soil have been performed, but the site *° O-1 M phosphate buffer solution (pH 6.9) containing 0.5
and mechanism of their binding to or incorporation into units of enzyme/mL of solution. If not stated otherwise,
soil constituents are still undefined. One group of chem- tne concentrations of phenol and aniline were each 150
icals that undergo little transformation or mineralization Mg/mL, and. the ethanol concentration did not exceed
in the soil within a growing season are the halogen- or 0.4%. For preliminary experiments and for determination
alkyl-substituted anilines, which represent the aromatic °f O0̂ OT reactions, 10 mL of incubation mixture were used,
base of a great number of currently used pesticides (1,2). •** 100-200 mL-depending on product yield—were used
While many substituted aromatic pesticides are subject for *• illation of products.
to microbial transformation, the aniline rings are quite After 1 h of incubation at 30 °C, the reaction mixture
resistant and are easily bound to humic material (1-6). wtt «tr»cted with an equal volume of diethyl ether. The
Hsu and Bartha (4, 7) using 14C-labeled 3,4-dichlorc- organic phase was treated with anhydrous sodium sulfate

aniline found that about half of the humus-bound anilines *°* subsequently evaporated to dryness with a rotary
could be released by hydrolysis, while the remainder was evaporator. The residues obtained were redissolved in an
liberated only by combustion. This led to their conclusion aliquot of methylene chloride and used for thin-layer
that at least two different mechanisms of covalent binding (TLC) and high-performance liquid (HPLC) chromatog-
to soil organic matter exist the weaker chemical bonds raphy analysis. An assay mixture of boiled enzyme was
could be condensations of primary amino groups to car- always included as a control.
bonyl groups forming anils (imines), and the stronger For the quantitative experiments of the hybrid dimer
bonds could be explained by the formation of aniline- produced between syringic acid and 2,6-diethylaniline, the
quinones or the incorporation of the amino groups into reaction was carried out in phosphate buffer solution (0.1
heterocyciic ring structures. Similar assumptions were M- P.H 6-9) containing 0.5 units of enzyme, syringic acio
made by Parris (8) in studies on the kinetics of the pro- ranging-from 125 to 750 jig, and 2,6-diethylaniline from
posed reactions. 125 to 1000 pg/mL of solution. In a separate experiment
While the covalent bonding of aromatic amines to soil tne concentrations of syringic acid and 2,6-diethylanilii*

organic matter could only be inferred from observations were 500 Mg and the enzyme concentration ranged from
in previous studies, it was our purpose to identify the O-031 to 3 unita/mL of reaction mixture. For each treat-
chemical products formed by reactions occurring between ment< * 20-mL volume of reaction mixture was used. For
the xenobiotic anilines and constituents of humic material the experiment with different substrate concentration*.
Our experiments were performed in an aqueous medium *** «n*y™« «»»ys were incubated at 30 "C for 1 h. and
and initiated by a fungal phenol oxidase. for *** experiment with different enzyme concentrations

at 30 *C for 20 and 90 mm. Tht motion mixture* wtfj
Materials and Method, f!****?-1!?*T****1 volume*°!f**ylether>̂the combined extracts were evaporated to dryness un<vr
Material!. An extracellular WXM »«.»«.. .__ _ a stream of nitrogen.

culture filtrate of Rhizoctonia praticola was used (9). One Analytical Methods. TLC was carried out on silica g**
unit of thia enzvme n defined M that amount which causes F-254 plate* (Brinkmann Instruments, Inc., Westbury*



Table I. Color of Reaction Mixture of Various Combination* of Phenols and Anilines after Incubation with a Laccase
I the Fungus R. proticola

phenolic substrate control 4<hloroaniline 3,4-dwhloroaniline 2,6-diethylaniline
hydroxycinnamic acid
ferulic acid light pinkish yellow reddish yellow reddish yellow reddish yellow
caf feic acid light pink reddish pink reddish pink reddish pink

hydroxybenzoic acid
vanillic acid yellow dark brown dark brown dark brown f-̂
tyringic acid light reddish brown dark brown dark brown red (ppt)
protocatechuic acid yellow brown dark purple dark purple dark purple C->
gallic acid yellow dark green brown dark green brown dark green brown ^
a-resorcylic acid yellow yellow brown yellow brown yellow brown *JD :
0-resorcylic acid light yellow light yellow light yellow light yellow CD >
salicylic acid no color no color no color no color -«

hydroxybenzene ^ J
phloroglucinol light yellow yellow yellow yellow &% t
resorcinol yellow pinkish brown pinkish brown pinkish brown *3?

hydroxytoluene
orcinol__________yellow__________brown_______ brown brown

NY) with a layer thickness of 0.25 mm for routine analysis product was then recovered by methylene chloride ex-
and OJ5 mm for the isolation of products. A solvent system traction. (.
of chloroform-acetic acid (20:1 v/v) waa used for mott of
the TLC analyses. In some cases a second solvent system Retultt
consisting of hexanerethyl acetate (&2v/v) was employed. piously it was shown that the extracellular fungal
AU products were extracted from thm-layer plates with i.,.̂  ̂  R< p̂ ofc $& ̂  transform chlorinated and
ethyl acetate. ^ . .. m, . , __ t brominated anilinea (II), and this was confirmed with
HPLC was performed with two Model 6000A pumps, a 4-chtoroanfline and also observed with 3,4- dichbroanuine i

U6K injector, and 440 UV detector with dual wavelength .nd „ alkyiated derivative, namely 2,6-diethylaniline. I
(264 and 280 nm; Waters Associates, Inc., Mflford, MA). Analysis of the enzyme reaction mixtures of the various
"~ e separation was achieved by a Radial-Pak Cartndge anilines by TLC did not indicate disappearance of the

10 Mm) by using a radial compression module (RCM- substrates. Since various anilines reacted with 2,4-di-
». Samples were eluted with hezane:ethyl acetate (6:4 chlorophenol in the presence of the enzyme and produced

v/v) at a flow rate of IS mL/min. AU samples were passed . particular color (12), it wu assumed that the formation
through a millipore filter (0.22 Mm) before injection into <£ m specific color was indicative of cross-couplinf products
HPLC. generated during the incubation of naturally occurring
For quantitative analysis, the dried residue was dissolved phenols with the three anilines. Incubation of 4-chloro-

in 6 mL of methanol, and samples of 20 itL were injected aniline, 3,4-dichloroaniline, or 2,6-diethylaniline together
into the HPLC Triplicate samples were evaluated for each with the fungal enzyme and a phenolic humus derivative
treatment. The yield of the hybrid dimer (m/z 299) was resulted in most cases in the formation of a color that
determined by a data module (Waters Associates, Inc., differed from the color of the reaction mixture containing
Mflford, MA) by using the external standard method. The only phenol; only 0-retorcylic acid and salicylic acid did
calibration curve of the dimer was linear in the range not show a color change (Table I).
between 0 and 25 pg. The color difference served as an indicator of a cross-
Mass spectrometry was performed with electron impact coupling reaction between anilines and phenolic humus

analysis at 70 e V with sample introduction by direct in- constituents. Ether extracts of various assay mixtures of
sertion probe on an AEI MS-902 or Kratos MS-50 mass anilines and phenols were first analyzed by TLC, and it
spectrometer at tempertures varying from 300 to 400 •C. was usually possible to distinguish some characteristic
Proton NMR spectra were taken on a Bruker 200 MHz colored zones that were not observed when phenol alone
instrument with a Fourier transform system using deu- was the substrate. The colored zone with a specific Rf
teriochloroform as a solvent. value on a thin-layer plate occasionally represented a single
UV spectra were measured in methanol with a Bausch product, but in most cases it was composed of several

and Lomb 2000 spectrophotometer. Radioactivity was products as further analysis by HPLC revealed. The latter
measured with an Isocap-300 liquid scintillation counter technique also provided purification which facilitated
(Searle Co.) with samples prepared in a Scinti Verse chemical identification.
cocktail (Fisher Scientific Co.). Meking points were ob- It has to be emphasized that the following description
tained in open capillaries in an electrothermal melting of cross-coupling products between the three anilines and
point apparatus and are uncorrected. the various phenolic humus constituents covered only the
Acetylation of Product. Reductive acetylation was products that were clearly determined under the experi-
ied out according to the method of Vogel (JO). The mental conditions. Changes in incubation time or the use
pie (50 mg) was dissolved in 5 mL of acetic anhydride, of different amounts of enzyme units would have resulted

and .300 mg of sodium acetate and 300 mg of zinc dust were in additional or other products. Prolonged incubation or
added. The mixture was gentiy warmed until the color of higher enzyme concentration caused further polymeriza-
the quinone disappeared and then boiled under reflux for tion reaction, which was not of interest line* we intended
2 min. After the addition of 2 mL of glacial acetic acid, to determine the initial cross-coupling substances which
the mixture was boiled again to dissolve the product and usually undergo further oxidative coupling.
the precipitated zinc acetate. The hot solution was poured Hybrid Products of 4-Chloroai

hvdrorvtis of the acetic Humus Constituents. Table II pr
fXnr nhmnnlic
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Table IL Hybrid Products of 4-Chloroanuine and Various Phtnolic Humus ConstituenU Formed after Incubation with a
Laccase from R. pnticoia

molecular ion
reaction of of hybrid color of spot

4-chloroaniline with: product, m/z oligomer suggested composition8 Rf in TLCb on TLC plate
"U.H IL vmnillicacid 371 trimer 2V + CA-2CO, 0.68 light brown

374 trimer V + 2CA - CO, 0.48 gray
Z» 413 trimer 2V + CA - CO, - 2H 0.77 yellow
3D 415 trimer 2V+CA-CO, 0.77 yellow
f •> 429 trimer 2Ve + CA 0.34 orange
;~ 499 tetnuner V + 3CA - CO, 0.34 orange
t=-> 506 tetramer 2V+2CA-CO,-C 0.64 y«llow-reen
CT> 540 Utramer 2V + 2CA - CO, 0.34 orange
C/l 554 tetramer 2V* + 2CA 0.34 orange
CD syringte acid 277 dim« Sy + CA - CO, - 2H 0.68 yellow
CD 279 dimer Sy •*• CA - CO, 0.68 colorless

323 dimer Sy + CA 0.41 yellow
protocatechuic acid 235 dimer Prot + CA - CO, 0.50 brown

343 trimer 2Prot + CA - 2CO, 0.28 brown
431 trimer 2Prot + CA 0.28 brown
467 tetramer Prot + 3CA - CO, 0.85 green-brown
468 tetramer 2Prot + 2CA - 2CO, 0.85 green-brown

gallic acid 419 trimer 2Gal + CA-CO, 0.15 brown
• CA = 4-chloroaniline, V = vanillic acid, Sy * syringic acid, Prot * protocatechuic acid, Gal = gallic acid. * Solvent:

chloroform:acetic acid (20:1 T/T). * C..H.jO, (m/z 304; dimer of vanillic acid and methoxy-p-quinone; see ref 14).

humus constituents. A variety of hybrid trimen and vaniflic acid and 4-chloroaniline. Various types of vanillic
tetramers wen isolated when vanillic acid was incubated acid dimer* (14) were found to couple with 3,4-dichloro
with 4-chloroaniline, but no dimeric hybrids could be da- aniline.
tected. The majority of trimen consisted of one aniline Three hybrid dimers and one hybrid tetramer were ob-
and two vanillic acid molecules, and the tetramers con* tained in the coupling reaction of syringic acid and 3,4-
sisted of two aniline and two vanillic acid molecules. Only dichloroanfline. A yellow hybrid dimer with m/
one trimer was found to be composed of one vanillic acid produced in hif h yield and was purified by HPI
and two 4-chloroaniline molecules, and one tetramer con- compound has a UV absorbance maximum at _
listing of one vanillic acid and three 4-chloroaniline NMR analysis of this compound allowed the assignment
molecules was characterized. of structure B—as shown in Table HI—by analogy with
Three hybrid dimers were formed during coupling re- the NMR of compound A, and accordingly compound B

actions of syringic acid and 4-chloroaniline, A yellow hy- was identified as N-(3,4-dichlorophenyl)-2t6-dimethoxy-
brid dimer with m/z 277 was produced in large yields; the p-benzoquinone imine (Figure 2B). The reduced form of
compound had a UV absorbance m«rinuiin at 308.7 nm. the dimer had an elemental composition of CuHuOaNClt
It could be isolated by HPLC, Ha molecular weight was (calculated 313.0270, found 313.0250) a shown by high-
determined by mass spectrometry (Figure 1A), and its resolution mass spectral measurement. This compound
structural assignment was elaborated by NMR analysis is analogous to the hybrid dimer with m/z 279 formed
(Table m, compound A). The correct chemical shift as- between syringic acid and 4-chloroaniline (Figure 2). The
signments for the H, and H* protons is based on NMR mass spectra of the hybrid dimer (m/z 311) and its reduced
studies by Iwan et al (13) in similar systems. Therefore, form (m/z 313) are shown in Figure IB.
compound A was identified as N-(4-chlorophenyl)-2,6- Three hybrid products were detected in a reaction be-
dunethozy-p-benzoquinone imine (Figure 2A). The re- tween protocatechuic acid and 3,4-dichloroanfline. A hy-

111 duced form of the dimer was determined by high-resolu- brid tetramer with m/z 569 was similar in structure to the
• tion mass spectral measurement and indicated an ele- hybrid tetramer (m/z 467) obtained between proto-

mental composition of C14H1401NC1 (calculated 279.0659, catechuk acid and 4-chloroaniline, but it contained three
found 279.0649). additional chlorines.
Among the five hybrid products formed between 4- Cross-coupling of ferulic acid and 3,4-dichloroaniline

chloroanitine and protocatechuic acid, one compound was resulted in the formation of three hybrid trimen and one
produced m large quantity and appeared to be stable. It hybrid tetramer.
was isolated by TLC and found to be a tetramer with m/z Hybrid Products of 2,6-DkthyUniline and Phenolic
468 (Figure 3). Another tetramer with m/z 467 was Humus Constituents. A clear indication that cross-
composed of three aniline molecules and one proto- coupling between [U-14C]-2,6-diethyUnuuw and phenolic
catechuic acid and had an elemental composition of CM- acids had taken place was obtained by determining rs-
HuNjOCl- (calculated 467.0359, found 467.0331) as de- dipactivity in the resulting products. In each reaction
termined by high-resolution mass spectrometry. mixture several radioactive compounds were
Only one hybrid trimer was obtained between gallic acid the hybrid products isolated and determined

and 4-chloroaniline. spectrometry are listed in Table V. The results con
Hybrid Products of 3,4-Dichloro«niline and Phe- the effect of substrates and enzyme concentration on the

nolle Humus Constituent*. The cross-coupling products hybrid formation will be later described.
obtained from 3,4-dichloroaniline and various phenolic A hybrid dimer between syringic acid and 2,6-diethy>-
adds are given in Table IV. Most of the hybrid products aniline with m/z 299 (Figure 2C) appear* to be a major
obtained during the coupling reaction of yaniPk aod-aadQ product, since prolonged incubation resulted in the accu*
a i-rlu>hlnm>nfline an anakxous in itnjJalm̂ itMievManU mulation of this product and the formation of other UB-



Table III Proton NMR Data for Five Chtidatire Couplinf Product* of Phcnoii and Anilin«*
chem«hift, splitting proton coupling

compound ppm (integral)" auignmenU Hz

HI
D

6.421 d(lH) H 21
6.054 d(lH) Hd 2.1
3.88 « (1 H) H.
3.68 i (l H) Hf

7.473 d(lH) H. 8.5
"

6.771 d(lH) He 85
6.456 f (1 H) H,,
6.002 • (1 H) H.
3.90 c (3 H) Hr
3.72 «(3H) H,

° , 7.024-7.085 m (3 H) H.
|M.J3«'svAv'oaM')' 6.524 d(lH) It 2.1

6.711 d(lH) ^ 2.1
3.891 -t(3H) *C
3.606 i (3 H) H.
2.33 q(4H) EtCH, 7,5
1.05 t(6H) EtCH, 7.5

7.16-7.30 m (3 H) H.
6.727 • (2 H) H!

acH. 6-149 bra(lH)
* 3.673 •(SH)

2.601 q(4H) EtCH,' 7.6
2.301 «(3H) acetate CH,
1.166 t(8H) EtCH, 7.6

7.182-7.329 m (7 H) H.
7.058 d(lH) H* 7.6 '
6.25-6.40 brt(2H) H. i
6.207 t(lH) H;
4.547 s (1 H) H.
2.16-2.76 m(12H) EtCH, 7.7

t(18H) EtCH, 7.7 i

E •
' « = linflet; d = doublet; t = triplet; q > quartet; m = multiplet; br = broad.

ucts waa negJifflaJa. The compound purified 343.1775). The low of one ketene f ave an ion at M* 301
by HPLC had a red color, a melting point of 136 *C, and with an elemental compoaition of CuHuNOs (calculated
a I ^ abaorbanc* maximum at 20&3 nm. The maat apectra 301.1668, found 301.1667). The NMR data in Table III
of e hybrid dimer (m/z 299) and iU reduced form (m/z allow the aaupunent of ftructure C to the dimer M* 299

esented in Figure 1C; the hifh-readution maaa and structure D to the reductive acetylation product of
ta of the quinone dimer (m/z 299) are lifted in compound C. Compound C could be identified at N-

.
e reductjvely acetylated product of the hybrid dimer (Figure 2C).

(m/z 299) gave a eotorleta monoacetate with m/z 343. Incubation of protocatechuic acid and 2,6-diethyIaniline
-reaolution maaa spectroacopy gave aa elemental raauHed in the formation of an orange tetramer, which was
oaition of C»H»N04 (calculated 343.1784, found purified by HPLC. It oonakted of one piotocatechuk acid

flR306509



Table IV. Hybrid Products of 3,4-Dichloromnfline and Phenolic Humus Constituents Formed after Incubation with s
Liccase from R. pnticola

reaction of molecular ion
3,4-dichloroaniline of hybrid color of spot

with: product, m/z oligomer suggested composition* .Rf in TLC* on TLC plate
ranillic acid 403 trimer 2V + DCA - 2CO, - 2H 0.41 yellow

447 trimer 2V + DCA - CO, - 2H 0.41 yellow
449 trimer 2V + DCA - CO, 0.41 yellow
463 trimer 2VC + DCA 0.41 yellow
560 tetramer 2V + 2DCA - 2CO, - 4H 0.35 orange
608 tetramer 2V+2DCA-CO, 0.35 orange

X& syringic acid 311 dimer Sy+DCA-CO, 0.65 yellow
T —n 313 dimer Sy + DCA - CO, 0.65 colorless
"T\ 357 dimer Sy + DCA 0.71 yellow

.*•*•* 617 tetramer 3Sy + DCA - SCO, 0.71 yellow
f-f̂  protocatechuic acid 377 trimer 2Prot + DCA - 2CO, 0.56 gray
7_; 428 trimer Prot + 2DCA - CO, 0.56 gray
C-H 569 tetramer Prot + 3DCA - CO, 0.84 green brown
"IT ferulic acid 501 trimer 2Fer + DCA - CO, 0.50 yellow
^ 512 trimer Per + 2DCA " 0.50 yellow

545 trimer 2Per + DCA 0.60 light pink
603 tetramer SFer + DCA - SCO, - 2H 0.93 yellow green

" DCA = 3,4-dichloroaniline, V = vanillic acid, Sy - syringk acid, Prot = protocmtechuic acid, Per * ferulic acid. * Solvent:
chloroform .-acetic acid (20:1 v/v). c C,,H,,O, (m/z 304; dimer of vanillk acid and methoxy-p-quinone; see ref 14).

Table V. Hybrid Products of [U-"C]-2,6-diethyUnfline and Phenolic Humus Constituents Formed after Incubation with a
Laccase from R. praticota

reaction of molecular ion
2,6-diethylaniline of hybrid color of spot

with: product,* m/z oligomer suggested composition0 Rf in TLC6 on TLC plate
vanillic acid 418 trimer V-I-2DEA-CO, 0.85 fray
syringk acid 299 dimer Sy + DEA - CO, 0.84 red

301 dimer Sy + DEA - CO, - 2H 0.84 colorless
protocatechuic acid 517 tetramer SProt + DEA - 2CO, 0.80 orange

533 tetramer Prot + 3DEA - CO, 0.76* orange
ferulic acid 445 trimer 2Per + DEA -.200, 0.53 yellow

* All products contained radioactivity. * DEA = 2,6-diethylaniline, V = vanillic acid, Sy = syringk acid, Prot * proto-
catechuic acid, Fer - ferulk acid. e Solvent: chloroform :acetk acid (20:1 v/v). •'Solvent: hexane:ethyl acetate (8:2 v/v).

Table VI. High Resolution Mas* Spectral Data of a Table V1L Effect of Enzyme Concentration on the
Hybrid Dimer (M* 299) Resulting from Cross-Linkage of Formation of Hybrid Dimer (m/z 299) of Syringk Add
Syringk Acid and 2,6-DiethyUnfline aad 2,6-Diethylaniline

————^———— po«ibl« poesibl. int.*- £Sme*f hybrid dimer m/z 299. gg/mL' ofS£££,
measd cakd composition fragment sity, * units/mL 20 min 90 min between times
299.1523 299.1521 C,,H,,NO, 100 0>031 19.61 1.6« 119 41 11 6» P < 0 06
284.1289 284.1287 C.̂ .NO, M*-CH, 74.76 0.063 42 3 t 3.6* 197 3 t 14 7» P < 0 01
268.1345 268.1338 C,,H,,NO, M*-CH,O 20.31 0 125 84 8 * 8 2b 364 5 * 25 6« P < 0 01
«5H??i «?!H?!f S"5"S0j £~£i5j£L S2-6! °-25 203:7*14.4* 530.8 ±24'.3« ?<o.'oi240.1142 240.1151 CWHUO, M«-C,H,NO 21.59 0.5 388.6*24.8* 728.9*37.4* P < 0 01
226.0951 226.0955 C,.HUO, M* - C.H,NO 8.66 j 87?:! ± SJe gSS t S.}' P<0:01

2 776.9 t 43.0' 864.0 t 47.9' not significant
and three 2,6̂ iiethy]juiOiiw nxdeculei, mnd hifh-rwohitioD 3 866.1*50.8* 862.1*38.4' not significant
man measurement of the tetramer yielded an elemental * Values in the column for a given time labeled with the
composition of Ĉ Ĥ NsO (calculated 533.3406, found same letter are not significantly different at 0.05 level by
533.3390) (Figure 4). The prominent peaks at m/z 518 Duncan's multiple range test. Each value is the mean *
andm/z504cormpondedtotheloMofCH,multingin SE of three replicates.__________________
an elemental competition of CjjH«oN,O (calculated
518.3172, found 518.3178) and the lot* of C,Hi reraltinf can be polymerized by a laccaM, and various oligomers
in an elemental compoaition of Ĉ HjcNjO (calculated ranginf from dimers to hexamen have been produced (IS)-
504̂ 001, found 504.3008), respectively. The NMR spec* In this study, we noted that in the presence of the laccase|
trum of this compound allows the assignment of structure' most of the syringic acid was coupled with 2,6-dietbyl-
E to this tetramer (Table HI). aniline through an inline linkage to form a hybrid dimer,
Effects of Enzyme and Substrate Concentration on while little syringic acid was polymerized to higher oli-

the Formation of the Hybrid Dimer JV-(2,6-Diethyl- gomers.
phenyI)-2,6-dimethoxy-p-benzoqninone Imine (a/t The concentrations of the enzyme and the two sub-
299) Formed from Syringic Acid and 2,t-DiethyI- strates were important factors affecting the rate of hybrid
aniline. Previously we have ihowtyi&ficti tione dimer formation. There was a clear correlation between



There were significant differences in dimer production
at the two incubation times with enzyme concentrations
below 1 unit/mL but no differences at higher enzyme
levels. The yield of the dimer was about 20 ftg/mL at the
lowest enzyme concentration (0.031 units/ml,); extending
the incubation time from 20 to 90 min resulted in a 6-fold
increase in dimer production. At a concentration of 0.5
units/ mL, which is used for routine assays, extended in-
cubation time brought about a 2-fold increase in dimer
production, amounting to 85% of the maTJmiim yield at
higher enzyme levels.

It is apparent that m^imum dimer yield was dependent
on the combination of concentrations of the two substrates
(Figure 5). The yield of hybrid dimer increased with

nng syringic acid concentration. Syringic acid above
500 jig /mL combined with higher concentrations of 2,6-
diethylaniline resulted in a decrease of hybrid dimer for-
mation. The dimer yields at syringic acid concentrations
of 125, 250, and 500 Mg/mL were significantly different at
p < 0.05, but no differences were observed at concentra-
tions between 500 and 750 Mg/mL. Hybrid dimer forma-
tion increased with increasing amounts of 2,6niietbvlanfline
(up to 375 <if /mL in the presence of 125 and 250 jtg/mL
of syringic acid), and it decreased gradually at higher
2,6-diethylaniline concentrations. If the aniline concen-
tration was higher than 500 «ig/mL, an inhibitory effect
on the production of the hybrid dimer was observed, and
this phenomenon became more evident with increasing
syringic acid concentrations. Maximum hybrid dimer
formation occurred when concentrations of both syringic
acid and 2,6-diethylaniline were 500
Ditcuuion
The binding of pesticides to humus is very difficult to

characterize since humus material is a heterogeneous and
complex entity. However, the characterization of chemical
bonding of pesticides to humus can be approached through
models that allow the determination of accurate molecular
configurations (IS). Various indications of chemical
binding of pesticides to humus have been suggested by
Stevenson (17), and various reports have been recently
reviewed by Bartha (1) and Parris (18).
In this paper we attempted to work out the chemical

reactions initiated by a fungal laccase from Rhizoctonia
pntieola between substituted anilines, which are break-
down products of many xenobiotics, and carboxyphenols,
which represent humus constituents. Previously, we have
shown cross-coupling between 2,4-dichlorophenol and
various halogenated anilines (12). It was shown that 2,4-

o . . ; . i c ^ u ^ — _ dkhlorophenol was first oxidized by the fungal enzyme to
various halogenated quinones (19), which reacted cbemi-

- . cally with different anilines. A similar assumption was
made in the present investigation. The cross-coupling

ngura 1. MM* «p0ctra o* hytrtd products between syringic add and products detected constituted dimers between a quinone
t̂ hioroanfine (A), 3,4-dteNoroaneVw (B). and 2.6-dWriyiaf*ne <C). from a carboxyphenol and an aniline (Figure 2). Subse-

quently, the dimer could be reduced or further coupling
enzyme concentration and yield of the dimer (Table VII). reactions could take place.
When the dimer was incubated for 20 min, its yield dif- Depending on the enzyme concentration and the length
fend significantly at enzyme concentrations ranging from of incubations, the hybrids produced varied. Our obser-
0.125 to 3 units/ mL, but no significant differences were vations with use of more enzyme units and longer incu-

i between 0.031 and 0.063 units/mL or between bation times always resulted in the formation of high
, 0.125 units/mL; minimum yield was obtained molecular weight oligomen or polymers, which made the

'enzyme concentration of 3 units/mL. identification of products difficult if not impossible. In
Prolonged incubation of 90 min reduced the difference thii study, the hybrid! obtained were the solvent-w-

in hybrid dimer production at various enzyme levels. The tractable compounds, and we did not attempt to analyze
yields of the dimer were significantly different at enzyme the water-soluble hybrids.
concentrations ranging form 0.031 to 1 unit/mL, and There were inherent differences in the reactivities of the
maximum yield was obtained at an enzyme concentration carboxyphenols, which affected the cross-coupling reac-
oflunit/mL. flnJOuDI I tions between them and anffinea. It was not surprising that
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OH
NH, A

OH ct

m/z 198 m/z 127 a

Syrm«ic oeid 4-Chteroflnllln. (A) m/z 2r? m/j

COOH NH,
I

Ĥ W*
OH a

m/z KM m/z 161
Syringic acM 3,4-OieMeroanJliM (B) m/z 311 m/z 313

>10ure2. Suggestert structures of t» hybrid products between syrtngte add and variously subsumed i

too-i

OJ

NO tOO MO

m/z
a. MM* spcctum of a itfewiwr rMtMng from eroM-ooupIng b*tw*wi 4<Moro«nit» and pratoeatochulc add.

vtniflic acid formed wioui hybrid product! with anflinet coupled with 2,6̂ 1i«thyl«name. In thk retctkm, t quiii
because • variety of olifoaen were formed when vanillk dimer (m/t 299) wu produced and accumukted. r
acid alone was reacted with the laccase (14). However, it compound was resistant to further olifomerization, ar
was rather unusual that relatively few hybrid products this is very likely due to the steric hindrance of further
were obtained when syrintic acid was coupled with the nuclear attack by the ethyl groups and the addition*!
varktus anilines, cofvkieriiv̂ divenity of otirxnen that methozy group. The yield of hybrid dimer (m/z 299) was
could be isolated from syrinfk acid-enzyme reactions (J5). affected by the razvme jnd lubstrate concentrations
This phenomenon was very obvious when syrinfic acid was (Fifwre 5, Tabk VII]R f̂ hâ s8y»lCof hybrid diiner
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2,6 - DIETHYLANILINE
i S. Effect of tyrtngte add and 2,fMtottiy«anlna concamratlona on »w formation of to hybrid dbnar N̂ 2,fMMhylphanyf)-2.6-dbnalrioxy.

p-oanzoqulnona bnkw (mix 299). Bar* Mteala standard error of to maan of ttvaa rapleataa.

it specific enzyme and substrate concentrations was ap- phenyl)-N̂ -dimethvlurea), was oxidized in a soil slurry
' nately 86%. • or in a peroxidase assay to 3-chloro-p-benzoquinone 4-(3-
) hybrids identified show that the binding of an an- chloro-4-methoxyanil). Iwan et al. (13) extracted two
j a quinone often occurs via bond formation between monoimine-type compounds as well as an azo derivative

the nitrogen atom and an aromatic ring carbon resulting from soil, which was incubated with 4-chloro-o-toluidine.
in the formation of an imine (anil). This observation has The formation of an anil was also suggested by Hsu and
been made previously during the transformation of anilines Bartha (7) and Parris (8) in their studies on the binding
originating from pesticides. Briggs and Ogilvie (20) re- of anilines to humic compounds.
ported that 3-chloro-4-methoxyanfline, the parent amine While Briggs and Ogilvie (20) and Iwan et al. (13) found
of the herbicide metoxuran (N -(3-chld̂ ô l̂ î ĥ x̂  J q the imine generated in soil samples to be a result of the
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coupling of two aniline molecules, our investigation pro- (8) Parrii, G. E. Environ. Sei. Teehnoi. 1980, 14, 1099-1106.
vided evidence for cross-coupling of a quinone derived from (9) Bollac, J.-KL; Sjoblad, R. D.; Liu, S.-Y. Can J. Microbiol.
a humus constituent and an aniline. It appears that the v*7'1, *?' t̂ SiL.w- i. *«- • .«-
likelihood of extracting from the soil in mine-type com- (10) Ŷ 1- *• L *• T"*1** rf ̂^ P**1"0 Chemistr> •';
pound composed of a soQ phenolic constituent and an ,...
anuine is rernotTsince such a cross-coupling product would (11)
be quickly incorporated into the matrix of organic matter. (12) û  S.-Y4 Minard, R. D.; BoHat, J.-M. J. Agric. Food Chtm
This would explain the relatively fast and strong binding 1931, 29, 253-257.
of anilines in the soil The results from these in vitro (13) Iwan, Ĵ  Hoytr, G.-A.; Rotenberg, D.; Goller, D. Pettic. Sci.
experiments serve as a model for demonstrating and ex- 1178, 7, 621-631.
plaining an important process occurring in the soil envi- (14) Bollag , J.-M.; Liu, S.-Y.; Minard, R. D. Soil BioL Biochem.
ronment. I**2' «• WWW.

(15) Liu, S.-Y.; Minard, R. D.; Bollag, J.-M, Soil Sci. Soe. Am.
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Dihaloacetonttriles In Drinking Water: Algae and Fulvic/Acid as Precursors
Barry Q. (Mv«r
Envlronmantal Contaminants DMtton, Nttforal Walsr fteMveh iMtftut*. Canada pfntr* for Intend Waters. Burlngton,
Ontario, Canada L7R 4A6

Tiroposod a raactioo mechanism. When bromide
• Ten chlorinated drinking water samplas from diverse ^ .J& to ̂  .ĵ  .dd/cbJorme solution at the start
bcabon. m southeni Onter» have been found to cootain ^ *TItmctfaBf . aixture of dichloroacetonitrile (CH-
dihaloacetorutriles, DHAlvs. AD samples contained nĴ n KMm/u.hu»»Mfnnttwi. /r»ra»riirT>n .tui A\-

molar trihalomethane, THM, concentration. Aqueous/ «° **• P1̂ 11" ô *11**? compounds in dnnkmg waters
cfaJoriiiatknezperimenticô uctedonaquatkr̂  would appear to be undesirable.

u
showed that these materials yielded DHAN*s under j»n- i"7* locused their attention on the tnnalometnanes,
ditions similar to those used for water treatment/^ THM's (5-9). This paper reports the concentration of

— dihaloacetonitriles in several southern Ontario water
, supplies and shows that these compounds can be produced

Introduction / ^ chlorinating aquatic humic substances and algae under
The presence of dihaloacetonitriles, DH/ftTs, in chic- conditions used for water treatment

rinated water supplies was reported recently by Trehy and , „ .
Bieber (1-3). The apparent reason thaUW compounds Experimental Section
had not previously been found is becajtse they decompose CHCljCN and CHBrjCN were purchased commericalty
on commonly used gas chromatograpoic phases such as OV from ICN Phannacuticals Inc. CHBrClCN was synthes-
101 and hydrolyxe at elevated temperatures and pHs (1). ized by reacting cyanoacetic acid with an •quimolar mj<*
Trehy and Bieber (2) showed that dichloroacetonitrile, turt of N-chlorosuccinimide and N-bromosuccinimide
CHClsCN, was produced in Mod yield from the aqueous (proportions and reactions conditions of Wilt (10)). Thi*
solution chlorination of amiao acids such as aspartkaeU r j raactioo yielded a mixture of three DHAN*s, which couW
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1.0 INTRODUCTION

Region 3 has submitted to the EMSL-LV a request for
analytical support in determination of B-naphthylamine (2-
aminonaphthalene) in soil, sludge, and thermally treated soil
from the Drake Chemical NPL site. At this site, incineration
will be performed on approximately 200,000 cubic yards of soil
and sludge. The detection level of 1 ppb is desired for quality
assurance purposes, and of 55 ppb for routine verification of
cleanup. Additionally, p-nitroaniline is sought. This project
represents an analytical challenge because standardized
methodology has not been developed or validated.

Four objectives have been identified for the support tasked
to Lockheed in a memorandum from the WAM dated 9/27/93:

(1) develop an analytical procedure(s) to assure EPA that the
incinerator contractor can meet the 55 ppb cleanup criterion
on a daily basis, in the field, with the incinerator they
propose to use. An ultimate detection limit of 1 ppb would
be useful.

(2) analyze samples taken from a location on the site which was
not sampled in the previous study (1987).

(3) verify the presence of /3-naphthylamine at the site above the
cleanup goal level, and the presence at very high levels in
certain lagoons.

(4) identify whether nitroanilines are present, such as the para
isomer which was found in 1987.

To address the above objectives, Lockheed will research
available analytical techniques and methods to identify and test
a candidate analytical procedure which will obtain a suitable
detection limit for 6-naphthylamine and the nitroanilines.
Lockheed will provide an interim report that identifies the
approach(es) used to achieve the analytical requirements,
including the precise analytical method(s) used, the extraction
procedures, and method performance data (detection limits,
precision and accuracy).

After a method has been selected it is expected that it will
be used to determine the concentrations of the target analytes in
approximately 50 environmental samples derived from the Drake NPL
site.
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1.1 Overview

The primary target analyte, 2-aminonaphthalene, is a white
to reddish crystalline solid, mp. 111-113°C, which is volatile in
steam and has bp. 294 or 306°C. It is a fluorescent and basic
compound with a pK, of 4.07. It is soluble in hot water,
alcohol, and ether, and has a density of 1.0614. Para-
nitroaniline is a yellow powder of mp 146°C, soluble in water,
alcohol, ether, benzene and methanol. It is used commercially as
a dyestuff intermediate.

Under neutral conditions the target analytes should readily
extract into a low-polarity or moderate polarity organic solvent
such as diethyl ether, hexane, acetonitrile, or methylene
chloride; they should also be extractable into water at pH < 2.0.
It is expected that the extract could be analyzed by high-
performance liquid chromatography (HPLC) or gas chromatography
(GC) coupled with mass spectrometry (MS) or other detectors,
including uv-vis fluorescence (for 2-aminonaphthalene, using HPLC
separation). Fluorescence potentially offers sensitivity and
some limited selectivity, with rapid, inexpensive analysis.

Selected-ion monitoring MS (SIM-MS) and high-resolution SIM-
MS (HRMS) provide good sensitivity for GC-HRMS determination of
both target analytes. This detection method is significantly
more sensitive than the quadrupole mass spectrometric detector
commonly used in the CLP program.

Method selection will be based upon the Region's
requirements for sensitivity and selectivity for the target
analytes, combined with the goal of simplicity and ease of
performance, in the matrices received from the Drake Site.

1.2 Experimental Design

The experimental design has been developed to evaluate two
general areas: (1) sample extraction, and (2) sample analysis.
Samples representative of the Drake site will be used to evaluate
the selected method.

A factor which may limit or preclude the use of a detector
having limited specificity, such as fluorescence, is the
possibility of background soil matrix contamination with 2-
aminonaphthalene or other fluorescent compounds which interfere
with detection of the target analyte. It is expected that the
nitroanilines will be less sensitive to fluorescence detection;

AR306522



- - QAO 90-93-02
Date: 12/93
Revision: 1
Page 3 of 18

this condition could limit the utility of methodology using such
a detector. Background soil supplied by the Region will be used
as a "blank" matrix so that the method will be developed for the
soil type found at the Site.

The extraction method tests will be performed using a mass
spectrometric detection system to maximize the information
obtained about detectability and interferences. Fluorescence
detection will also be used. An isotopic diluent, d7-/3-
naphthylamine, will be used for more accurate quantitations and
to allow a sample-specific measurement of recovery. Partial
separation (ca. 50% valley) of deuterated /3-naphthylamine from
the native standard has been achieved, so use of the isotopic
diluent for mass spectrometric analysis does not render the
extract unusable for fluorescence detection. Method testing will
be performed until satisfactory methodology is developed. At
that point, method performance data will be submitted to the WAM,
and approval of that method will be requested.

1.2.1 Sample Extraction Strategy

Two primary sonication-based sample extraction methods will
be evaluated: an aqueous acid extraction at pH 1.5 and a neutral
SW-846 Method 3550 extraction with an organic solvent found to
perform well for the target analytes, such as methylene chloride.
Acidic sample extracts will be neutralized and back-extracted
into an appropriate organic solvent. Analytical results, based
on experiments with standards, will be used to determine which
methodology is better.

Subsequent to extraction, sample aliquots will be subjected
to gel-permeation chromatography as described in SW-846 Method
3640 or a modified version of SW-486 Method 3610 (an alumina
cleanup procedure) if the presence of interferences indicates
such cleanup is necessary. This modified procedure will adsorb
the amine-based target analytes on acidic silica-gel, and the
purified bases will be back-extracted using an acidified
methanol/water solvent.

1.2.2 Analytical Procedures

The analytical methods investigation will be based on a
series of methods. These are presented in order of the simplest,
but least selective, methods first. This order also presents the
methods in decreasing order of potential for field deployment.
Initially, each technique will be tested briefly for probability
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of success. Additional investigations will be based upon the
success of early work, to minimize the time and costs required to
develop a satisfactory method.

1.2.2.1 Fluorometric Determination

If analysis of soils from the Drake site indicate the
absence of potential interferences, fluorescence spectrometry may
be investigated in two modes applied directly to the various
standards and sample extracts. These investigations will depend
upon time and funding availability. The first mode is the
traditional dispersive emission spectrometric mode. The
approximate excitation wavelength will be 366 nm (the absorption
maximum for 2-aminonaphthalene in benzene) and the emission
signal at approximately 420 nm (the reference emission maximum
under near-neutral conditions (1 < pH < 10) (1)) is measured as a
function of concentration. The second method of fluorometric
determination, synchronous fluorescence, is to scan
simultaneously both emission and excitation monochromators at a
fixed wavelength separation (to be optimized experimentally for
sensitivity). This procedure will result in a signal peak whose
area will then be correlated with the concentration.

1.2.2.2 HPLC - Fluorometric or Diode Array Detection

The standards and extracts will first be separated into the
various components on reverse-phase HPLC and the fluorescent
analytes will be detected in a direct fluorescence monitoring
mode with the excitation and emission wavelengths chosen to
provide good sensitivity and selectivity, by examining the
results of scanning across a wavelength range. This system will
be optimized for 0-naphthylamine and for the nitroaniline
secondary analytes. Mass spectrometric detection is generally
applicable and provides mass data for confirmation of identity,
which may be more specific than the fluorescence data. Mass
spectrometry will be utilized for at least that percentage of the
samples which will be subjected to confirmation analysis. Diode
array detection will also be tested in conjunction with HPLC
separation.

1.2.2.3 GC/(HR)MS

The standards and extracts will first be separated into the
various components on capillary column GC, and the analytes will
be detected with scan or SIM-(HR)MS. This technology will be
used for (a) accurate mass confirmation, if deemed appropriate,
and (b) routine analysis, if LC/MS is not available or found
unsuitable to meet detection limit or separation requirements.
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1.2.2.4 HPLC/MS

The standards and extracts will first be separated into the
various components on reversed-phase HPLC (using the same method
as in Section 1.2.2.2, above), and the analytes will be detected
with thermospray-quadrupole MS. This technology has been found
to provide suitable detection technology for the target analytes:
(a) the detector is selective and sensitive (especially in SIM
mode); (b) the target analytes give good responses; (c) the
separation technique may be powerful enough to minimize time-
intensive sample extract cleanup requirements; (d) the readily-
oxidized amines are expected to be less subject to degradation
with LC than with GC separation.

1.3 Schedule

The LESAT task lead will co-ordinate LESAT activities and
manage the over-all project. The LESAT technical task lead will
direct technical staff and operations to ensure that daily
operations are technically sound, complete, and in compliance
with the QAPP. The technical task lead will provide the task
lead with a brief technical update weekly. An evaluation of the
results of the preliminary studies will be submitted to the WAM
by November 30, 1993.

1.4 Project Management

The EPA work Assignment Manager for this task is Mr. Ken
Brown. The LESAT project management structure is as follows:
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LESAT Project Task Lead
Field Meth. Sect.
Site Char. Dept.
Phil Malley (702)897-3207

Site Char. Dept.
QA Coordinator:
Vicki Ecker.
Project QA
Coordinator:
D.R. Youngman

LESAT Technical Task Lead
Chemistry Dept.
Joe Donnelly

Sci. Supervisor
Site Char. Dept.
Jim Pollard

GC/HRMS Chemist
Andy Grange

Site Char. Dept.
Audit Staff

Fluorescence Chemists
DeLyle Eastwood, Nelson
Herron

HPLC/MS, HPLC/FD
Chemist: Chris Pace

GC/MS Chemist
Dave Youngman

Extraction Chemists
Jeff Jeter, Chris Pace

2.0 QUALITY ASSURANCE OBJECTIVES

QA objectives for this research project will be finalized
after method performance on background soil is determined.
Interim goals can be set with reference to existing EPA methods,
however. These goals and objectives will be revised as
necessary, based upon performance of the method that is
developed, on Site samples provided by Region 3.

Isotope dilution LC/MS, using d7-j8-naphthylamine, would be
expected to give data quality similar to that of other isotope
dilution methods, such as the EPA uses for dioxin analysis.
Recoveries of 25-125%, and a detection limit for quadrupole-SIM-
MS on the order of 1 ppb are expected. Duplicate sample results
should agree within 50%, and blanks should be free from
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contamination at the detection limit. It is anticipated that one
blank and one duplicate per sample batch will be analyzed.

Background soil material will be provided by Region 3 and
utilized for method development. The matrix will be homogenized
by stirring and removing obvious inhomogeneous, foreign objects
such as rocks, leaves, or sticks. After initial analysis, sample
preparation will be developed to remove analytical interferences
found in the background soil. This soil will be used for spiking
to demonstrate method performance (recovery, detection limit,
reproducibility). The background and field samples will be
homogenized in the container as received, if practical. Large
rocks, sticks, etc. will be removed and the sample will be
stirred with a stainless steel spoon or spatula. This procedure
is consistent with other methods, and reasonable for the number
of samples (ca. 50) and time/cost constraints of the project.

Results on the background soil will be used to assess
whether the interim quality assurance goals can be met within
time and cost constraints of the project. Adjustments to these
goals will be made if needed, upon approval by the WAM. Upon
request, data regarding precision, detection limit,
quantification levels reported, and number of replicates analyzed
will be used to calculate confidence intervals for reported data.

Interim Method Requirements (Acceptance Criteria)

Required method detection
limit
Ideal method detection limit
Duplicate sample results
Blank samples
Recovery of spiked analyte
Extract cleanup quality

55 ppb

1 ppb
+ 50%
analytes ND at required MDL
25%-125%
quantitation unaffected within
required duplicate precision
level (± 50%)

3.0 SITE SELECTION AND SAMPLING PROCEDURES

No sampling activities will be performed by Lockheed staff
under this task. Background/blank samples to be used during
method evaluation will be provided by the EPA. The field samples
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will not require chain-of-custody procedures, according to Region
3 (Roy Schrock). He stated that the Region may send the samples
under Chain-of-Custody simply to have a record that they were
shipped to Las Vegas, however.

4.0 ANALYTICAL PROCEDURES AND CALIBRATION

This section discusses the preparation of test samples and
extractions and cleanups of those synthetic or surrogate samples.
The preparation of these synthetic method-development samples
will be performed by Lockheed.

4.1 Site-Specific Background Soil Matrix

As noted in Section 2.0, background soil will be used for
method development/testing, so that a suitable method can be
identified with minimum cost/time expended, for the Drake
Chemical NPL Site matrix.

4.2 Sample Preparation

Analytical samples will be prepared by spiking the sample
aliquot with the isotopic diluent (d7-/3-naphthylamine) at a level
which will permit accurate isotope dilution quantifications to be
performed (3-10 times the method detection limit), and extracting
the sample as discussed in Sections 1.2.1 and 4.3.

4.3 Sample Extraction

The following extraction procedures will be tested to arrive
at a procedure that performs suitably for the target analytes.
Ideally, the extraction will recover the target analytes at
levels over 50% and minimize the carry-over of potential
analytical interferences into the resultant extract.

4.3.1 Sonication Extraction

SW-846 Method 3550 sonication extraction will be used with
an appropriate organic solvent (e.g., methylene chloride), and a
10 to 40-g sample size to achieve adequate detection limits. If
this method does not provide adequate recovery or
reproducibility, Soxhlet extraction (Method 3540) will be tested.
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4.3.2 Cleanup of Method 3550 Extracts

Method 3550 sample extracts will be cleaned up by 3650
acid/base partitioning, as required. If no interferences are
observed, no further cleanup will be performed.

Further cleanup steps which will be tested as necessary
include SW-846 Method 3640 using gel-permeation chromatography,
adsorption onto acidic alumina, back-extraction into
methanol/water or acetonitrile/water at pH « 1.5, with
neutralization and solvent extraction.

4.3.3 Sonication Extraction into Aqueous Acid

The spiked sample will be ultrasonically extracted with pH
1.5 hydrochloric acid as per instructions in SW-846 Method 3550,
Sections 7.4.2 - 7.4.5. The combined extract will then be
brought to a pH of 10 by the addition of aqueous NaOH.

4.3.4 Cleanup of Acid Extracted Solutions

The pH 10 extract will be immediately subjected the
procedure specified in Method 3650 but the organic bases will be
extracted into an introduced organic solvent.

If significant interference remains, the extracts will
receive further cleanup by SW-846 Method 3640 (gel-permeation
chromatography) or the acid-alumina method (Section 4.3.2).

4.4 Analytical Measurements

Specific calibration QA/QC required for instrumental
analysis procedures will be consistent with those for standard
EPA methods utilizing the technology. For examples, KRMS
instrument calibration will be performed with perfluorokerosene
(PFK), as for chlorinated dioxin analysis; LC/MS calibration will
follow the recommendations elaborated by Lockheed under this EPA
contract for high-mass PAH analysis (QAPjP and reports generated
under J.O. 7078). Concentration calibrations will be similar to
other isotope dilution methods, such as for dioxins, and will
employ a three-point calibration curve over the concentration
range of interest.

It is anticipated that dispersive fluorescence and
synchronous fluorescence will be tested to determine whether this
potentially rapid analytical technique is applicable to these
samples.
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4.4.1 Dispersive Fluorescence Detection

In this method an aliquot of the sample extract is placed in
a cuvette in a darkened chamber and irradiated with a selected
bandwidth of light. The excitation source beam is wavelength-
dispersed by a monochromator grating oriented so that the desired
portion of the dispersed beam passes through a slit-like beam
stop. This light is chosen so that the band overlaps the most
highly absorbing portion of the absorption spectrum of the target
molecule. Certain complex, rigid planar molecules with aromatic
7r-bonding such as 2-aminonaphthalene re-emit the absorbed energy
in a process called fluorescence. The emitted light is collected
at a 90° angle to the excitation beam by imaging it onto another
grating dispersion system that allows a desired wavelength of
fluorescence emission to be detected by a photomultiplier tube.

The emitted wavelength is at a somewhat lower energy and
longer wavelength than the absorbed photons of light. This is
due to some leakage of the absorbed energy into internal
molecular motion (non-radiative processes). The advantage of
this wavelength shift is that the emitted light is that there is
little background scattered light, so very sensitive light
detection circuits can be used to detect the fluorescence,
providing lower detection and quantitation limits than are
generally available through optical absorption techniques. A
second advantage is that fewer molecules fluoresce than absorb
light. Therefore, fluorescence detection has a relatively higher
degree of selectivity than absorption spectrometry. A third
advantage of fluorescence detection over many current analytical
methods is that it can have a much higher sample throughput (and
often less sample preparation) than the chromatographic methods.

However, fluorescence of whole extracts does not exhibit the
selectivity associated with chromatography coupled with mass
spectrometric detection. Therefore, the method must be evaluated
in terms of the site-specific matrix. To achieve this goal, the
fluorescence detection method will be evaluated in terms of blank
soils spiked with known amounts of j8-naphthylamine. Because
fluorescence methods cannot differentiate between isotopically
labelled and native forms of a compound, the samples extracted
for fluorescence detection cannot be fortified with d7-/3-
naphthylamine. However, naphthalene or a-naphthylamine could be
used.

The literature contains many references to the fluorescence
of 2-aminonaphthalene(l). The absorption maximum for the
excitation beam appears to be approximately 366 nm in a non-polar
organic solvent and the emission maximum appears near 420 nm for
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pH values between 1 and 10. The excitation and emission
wavelengths will be optimized for the target analyte in the
selected solvent, and the slit widths will be optimized to
maximize fluorescence throughput while minimizing the background
stray light.

The fluorescence instrument, a Perkin-Elmer LS-50, will be
calibrated each day prior to any analyses. A 40-g sample of soil
contaminated at 55 ppb will yield 2.2 mg/L of 2-aminonaphthalene
if recovery is 100%. This concentration of analyte should be
easily determinable by fluorometric assay. The anticipated
calibration method for the project is a minimum of four
concentrations of 2-aminonaphthalene in cyclohexane ranging from
0.5 mg/L, the lower quantitation limit at approximately 20
percent recovery to 6.5 mg/L, the upper quantitation- target at
100 percent recovery. This range may need to be adjusted with
further experience. The existing QAPjP for the calibration of
fluorescence instrumentation will be used.

4.4.2 Synchronous-Scanning Fluorescence Detection

The wavelength separation between maximum absbrbance and
maximum fluorescence is a an increasingly selective indicator for
a given compound. These two properties are combined in
synchronous scanning fluorometry to provide increased selectivity
in fluorescence analysis. The target analyte may be quantitated
by peak area or peak height, depending on the "purity" of the
spectral peak. The precise quantitation method (area or peak
height) will be made after examining fluorescence spectra of
spiked soils from the site.

The instrument, wavelength and bandpass selections, and the
calibration regimen will be the same as that covered in Section
4.4.1.

4.4.3 HPLC with Fluorescence, UV-Vis, or Diode Array Detection

HPLC separation of the target analytes from interfering
chemicals may be needed for a fluorescence detection method.
Multiple wavelength separations on multiple elution windows may
be used for more complicated systems such as the simultaneous
determination of nitroanilines (a secondary project goal).
Systems that use integrated circuit detectors perform this
function mathematically. The evaluation of HPLC/FD will be
performed using a Hewlett-Packard system equipped with a standard
single-channel photodetector. UV-vis and diode array detection
will also be tested, as straightforward detection systems for
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HPLC which are potentially less time- or cost-intensive than mass
spectrometric detection.

HPLC solvent systems are generally incompatible with non-
polar sample solvents. Therefore, when samples are extracted for
HPLC analysis, the final 1 mL extract of analyte/organic solvent
solution will be extracted with a suitable acidified solvent
system such as such as three times 0.5 mL of methanol/water or
acetonitrile/water at a pH « 1.5 (see Sections 4.3.2 and 4.3.4
for similar procedures).

4.4.4 HPLC with MS Detection

Typical GC/MS methods are limited in their soil PQLs due to
the limited injection volume used (1-2 /iL) . HPLC has the
advantage that relatively large samples can be loaded into a
sampling loop for mechanical injection without the serious
degradation of chromatography observed in GC. A conservative 50
/iL maximum injection from a 40-g sample of soil that was 100
percent extracted and passed through the cleanup procedure would
deliver 110 ng of 2-aminonaphthalene, which is typically very
easy to measure with a quadrupole mass spectrometer. An
extraction efficiency of 20 percent will still deliver 22 ng of
analyte, which is greater than that delivered in the current
lowest CLP standard (20 ng of analyte).

The HPLC/MS studies will be performed using a Hewlett-
Packard system consisting of a 1090L liquid chromatograph,
Thermospray Interface, and 5988A mass spectrometer. The system
will be calibrated using an initial calibration (I.e.) program
containing a minimum of three standards. The lowest level
standard should deliver no more than 20 ng of analyte and the
high level standard should deliver 200 to 300 ng of 2-
aminonaphthalene if this amount is in the linear range of the
instrument. If this upper level is outside linear range, then
the high-level standard should be at the upper limit of the
linear range. An internal standard such as 1-aminonaphthalene or
acenaphthene-di0 will be added so that each injection contains a
fixed amount of this material (preferably 100 ng). A continuing
calibration (C.C.) procedure is performed each day analyses are
performed after the I.e. has been performed. The C.C. standard
should give a response approximately equal to that of the
analytical extract from the 55 ppb soil. In all standards the
relative response factor (RRF) will be calculated as:

RRF = (RA * MjsJ/tRjs * MA) (1)
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where

RA/ RIS Response of analyte and internal standard,
respectively

MA, Mrs Mass of analyte and internal standard,
respectively

The acceptance criteria for the I.e. is that the relative percent
standard deviation (%RSD) of the RRFs from the process not exceed
30%. The acceptance criterion for a valid C.C. is that the
percent difference (%D) between the RRF for the C. C. and the
average RRF for the I.e. cannot exceed 25%. These acceptance
criteria are derived from the criteria for mass spectrometer
calibration in SW-846 Method 8270 for semivolatiles.

If the thermospray interface does not appear sufficiently
stable to meet these criteria, alternate criteria specified in
EPA-600/X92/102 will be followed. This procedure specifies that
each standard will be injected three times and the average RRF
for each standard will be specified for the calibration curves.

I.S. areas in any C.C. standard, sample, or blank (also
called samples for QC evaluations) should not vary by more than -
50% to +100% from the average of the internal standard responses
for the I.e. If this occurs the sample will be reanalyzed twice.
If the average I.S. response is still outside this criterion, the
system will be repaired, a new I.e. will be performed, and
analyses will be resumed after the last acceptable sample
analysis.

All sample extracts will be extracted into an acidified
organic solvent/water system as described in Section 4.4.3.

4.4.5 GC with (HR)MS Detection

The primary target analyte, 2-aminonaphthalene, is contained
on the target analyte list for SW-846 Method 8270, but the
practical quantitation limit (PQL) is not estimated. However,
the general PQL for these analytes in soils using scanning
quadrupole mass spectrometry is in the range of 700 ppb,
according to the Method 8270, Table 2, when using a mass-scanning
mode from 35 to 500 daltons. For greater sensitivity, two gas
chromatography/mass spectrometry systems may be investigated in
SIM mode. One will be a standard Hewlett-Packard capillary-
column GC (DB-5 or equivalent) with a quadrupole mass detector
and the other will be a VG 70-250SE system with a capillary
column (DB-5 or equivalent) and a high-resolution, double-sector
mass spectrometer. It is anticipated that the internal standard
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acenaphthene-dIO as recommended in SW-846 Method 8270 will be
suitable.

The %RSD acceptance criteria for the I.e. will be 20. This
criterion is a compromise between the criteria specified by the
general Method 8270 (30%) and that specified in the SIM procedure
in Method 8280 (15%). A more liberal %D criterion of 30% must be
met for a C.C. to be accepted. This criterion is adopted
directly from Method 8280.

I.S. areas in any C.C. standard or sample (including blanks)
should not vary by more than -50% to +100% from the average of
the internal standard responses for the I.e. If this occurs the
sample will be reanalyzed. If the I.S. response is still outside
this criterion, the system will be repaired, a new r.C. will be
performed, and analyses will be resumed after the last acceptable
sample analysis.

5.0 DATA VALIDATION, REDUCTION, AND REPORTING

The data derived from the initial phase of this project will
be used to determine validation criteria for the field samples
from the Drake Site. The data will be collected by senior staff
and they will be reviewed by the task technical lead and the
project QA lead. The data will be reduced by a variety of
methods ranging from comparing optical emission intensities at
selected wavelengths with standard data to mass spectral data
reduction algorithms. However, all reports containing reduced
data will reference standard EPA calculation techniques or
provide demonstration calculations for each step of the data
reduction.

All reduced data contributing to the final evaluation will
be reported on an as-received (wet) soil weight basis in M9/kg
(parts-per-billion, ppb) units.

The final report will provide tabulated data for each sample
and for the associated quality assurance measurements.

6.0 INTERNAL QUALITY CONTROL CHECKS

Research projects, such as this one, rely on the judgments
of senior staff to provide ongoing assessments of experimental
results so that successful method development is achieved in a
minimum amount of time, and with lowest cost. The results of
these assessments, and the strategies used, will be presented in
the project reports. Technical cross-talk with the WAM and EPA
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technical advisors selected by the WAM will be used as well, so
that by discussions and agreements, the best technical approaches
will be investigated, optimized, and presented.

6.1 Blanks

This project will utilize instrument and method blanks to
ensure that the data are valid and usable. Blanks must be clean
to the method detection limit, or quantification limit to be used
for the associated data. At least one method blank will be
analyzed with each batch of samples. A batch is defined as a
group of samples processed together. The method blank will be
spiked with the surrogate or isotopic diluent (for those
techniques using the diluent), and in all cases will be analyzed
in the same manner as the field samples associated with it.

6.2 Duplicates

At least one duplicate field sample will be analyzed per
sample batch. Reproducibility must be ± 50% between the two
results. At least three spiked background samples will be used
to test methods in the method development phase of the project.

7.0 PERFORMANCE AND SYSTEMS AUDITS

The primary target analyte, 2-aminonaphthalene, and the
analytical methods, GC/HRMS, HPLC/MS, and HPLC-FD, are not
currently contained in any performance evaluation program.
Therefore, no performance audits will be performed on this task.

The LESAT task lead (Section 1.0) will work with his department
management to schedule one systems audit of the project. The
purpose of this audit will be to ensure that the systems are
producing data which are in control relative to this QAPjP.
Personnel to conduct the audit, and interpretation of results
will be the responsibility of the project QA coordinator and the
department manager.

8.0 CALCULATION.OF DATA QUALITY INDICATORS

The assessment of data quality with respect to the QA goals
stated in Section 2.0 will be conducted using several approaches.
The results of different types of sample analyses or measurements
will be used to assess completeness, accuracy, precision, and
MDLs. The assessment procedures to be used on the results

AR306535



QAO 90-93-02
Date: 12/93
Revision: 1
Page 16 of 18

generated from the measurements and the applicable calculations
are described below.

8.1 Completeness

For this project, the degree of completeness will not refer
to completeness of site sampling, but only to the completeness of
analysis of the samples that are received. At this level,
completeness is based on the amount of valid data obtained from
those samples or measurements actually collected. Incompleteness
is due to samples or measurement data associated with
unacceptable QC analyses or a measurement system that is out of
statistical control.

Completeness will be calculated by:

%C = 100 x (V/n) (2)

where:

%C = percent completeness
V = number of measurements judged valid
n = total number of measurements necessary to

achieve an acceptable and technical level
of confidence.

Specific completeness goals cannot be specified at this time due
to present lack of a validated method and the potential
variability of sample concentrations (ppb to percent levels are
anticipated) and analytical interferences. In general, it is the
goal of the investigation to provide usable data for at least 90%
of the samples received, within scientific possibilities and time
allowed.

8.2 Accuracy

Accuracy will be assessed by evaluating the isotope dilution
(spike) results for recovery, relative to the internal standard,
and by comparing results on duplicate samples.

8.3 Precision

The precision of each of the analytical methods employed in
the analysis of the Drake Site samples will be evaluated by
duplicate analysis results.

The relative percent difference may be calculated by:
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%D = 100 (Ct - C2) / (C, 4- C2)/2

where:

%D = relative percent difference
C, = larger of the two observed values (or %
recoveries)
C2 = smaller of the two observed values (or %
recoveries)

8.4 Detection Limits

Two main types of detection limits will be used in assessing data
quality and method performance in this study, Method detection
limits (MDLs) and instrument detection limits (IDLs). The MDL is
calculated from data obtained on samples from the Drake Site,
which contain the analyte at a concentration that produces a
signal at three times the instrument noise level. The IDL
corresponds to the amount of analyte which would produce a signal
three times the noise level when measured by the instrument.

9.0 CORRECTIVE ACTIONS

Corrective actions will consist of any actions taken to
correct systematic program problems that are (1) identified by
the task technical lead in consultation with the technical staff
or (2) identified by the QA oversight staff during an audit
function. Data review procedures to determine the deficiency's
impact on data integrity shall be identified. Corrective actions
shall include reanalysis or different analytical procedures to
arrive at usable data.

10.0 QUALITY CONTROL REPORTS TO MANAGEMENT

Because this project does not depend on routine analyses
according to a fixed set of QC criteria, standard control chart
evaluation procedures and reports to management are not
applicable. However, the senior analytical research chemists
will report progress and instrument status regularly to the task
lead. Whenever the response for the selected parameter falls
near or outside the control limit, this will be reported and
corrective actions, such as repair and maintenance of the
equipment, will be performed.
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