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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

Reglon 3 submitted to the EMSL-LV a request for analytical
support in determination of R-naphthylamine (2-am1nonaphthalene)
in soils from the Drake Chemical NPL site. At this site,
incinevation will be performed on approx1mately 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 thls 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 B-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 pK, 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 pK, 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 BR-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 B-naphthylamine and 72-96%
on 4-nitroaniline, both spiked at 1 ppm). The method detection
limit was in accordance with project objectives (1 ppb for 8-
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. '
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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 1 ppb for B-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.

AR306LObY



—

Table 1. Analytical Results on Drake Chemical Site Samples

Sample # B-NAP Dilu- | Conc. 4- Conc. B-NAP | Comments
tion Factor | NIT (ppm) (ppb)
8.2A 1 ND 120
8.6A 1:1000 Interf. 210,000
8.12A 1:1000 Interf. 27,000
4.2A 1:100 2.8 5000
4.6A 1:100 0.26 820
4.12A 1:100 2.7 990
2.2A 1:1000 ND 88,000
2.6A 1:100 ND 4400
2.12A 1:100 ND 2800
2.12A DUP 1:100 ND 2100 DUP Reg. 3
generated
9.2R1 1 ND ND (a) '
9.2R2 1 ND 17
9.2R3 1 ND 39
9.2A 1 ND ' 53
9.2A MS* 1:10 83% 71% MS lab
.| generated
9.2A MSD* 1:10 87% 70% MSD lab
generated
9.6B 1 ND 16
9.12A 1 " ND 8.2
10.2A 1 ND 82
10.6A 1 ND 26
10.6A MS* 1:10 89% 86% MS lab
generated
10.6A MSD=* 1:10 72% - 90% MSD lab
) generated
10.11A 1 2.0 82
4
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Table 1, contd. Analytical Results on Drake Chemical Site
Samples.
Sample # B-NAP Dilu- | Conc. 4- Conc. B-NAP | Comments
tion Factor | NIT (ppm) (ppb)
10.1R1 1:10 ND 100
10.1R2 1:10 ND 430
10.1R3 1 ND ND (a)
7.2A 1 ND 1.5
7.6A 1:1000(both | ND (b) 22,000
analytes)
7.12A 1 ND ND
7.12A DUP 1 ND ND DUP Reg. 3
generated
7.12A MS 1:10 86% 73% MS Reg. 3
generated
7.12A MSD 1:10 94% 89% MSD Reg. 3
generated
6.2A 1:10 ND 780
6.6A 1:100 ND 1300
6.12A 1:100 ND (a) 1100
6.2R1 1 ND 200
6.2R2 1:10 ND 1500
6.2R3 1 ND 560
11.2A 1 ND 8.5
11.6A 1 ND 61
11.12A 1:100 (both | 52 12,000 more oily
analytes) than DUP,
MS, MSD
11.12A DUP 1:10 (both 18 1700 DUP Reg. 3
analytes) generated
11.12A MS 1:100 (both | 13 2500 MS Reg. 3
analytes) generated
11.12A MSD 1:10 (both 24 2500 MSD Reg. 3
1 analytes) generated
)
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Table 1, contd. Analytical Results on Drake Chemical Site
Samples.
Sample # B-NAP Dilu- | Conc. 4- Conc. B-NAP | Comments
_ tion Factor | NIT (ppm) (ppb)
12.2A 1 ND ND
12.6A 1:100 Interf. 7500
12.12A 1 ND 1.6
12.12A MS* 1:10 93% 92% MS lab
generated
12.12A MSD=* 1:100 96% 99% MSD 1lab
generated
5.2A 1 ND 180
5.6A 1l ND 22
5.12A 1 ND 2.1
3.2A 1 ND 3.9
3.6A 1 ND 10
3.12A 1 ND 14
1.2A 1 ND i1
1.6A 1 ND 180
1.12A 1 ND 170
1.12A DUP 1 ND 45 DUP Reg. 3
generated
1.12A MS* 1:10 92% 79% MS lab
‘ generated
1.12A MSD+* 1:10 92% 76% MSD lab
- generated

B-NAP = B-naphthylamine; 4-NIT = 4-nitroaniline
ND = not detected; method detection limits 1 ppb for B-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.
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‘ Initial calibration results are as follows:

Table 2. Initial Calibration #1
B-Naphthylamine 4-Nit:oaniline
conc. (ppb) _|RF RE__
2.00 2.65 0.333 53.8
10.0 , 2.72 1.67 56.4
50.0 2.88 8.33 ' 6.1
250 2.94 16.7 56.3
417 7 3.01 41.7 56.5 {
Avg.RF = 2.84, %RSD = 5.34 _ﬁéVg.RF = 55.8, $RSD = 2.00

. Table 3. Initial Calibration #2

4-Nitroaniline

Conc. (ppb) RF Conc. (ppm) RF ,
1.67 1.72 0.333 52.2

10.0 2.35 1.67 53.7

50.0 2.64 8.33 57.3

250 2.75 16.7 56.3

667 2.82 41.7 56.1

AvVg.RF = 2.46, %RSD = 18.3% AVg.RF = 55.1., $RSD = 3.8%
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chtinuing calibrations were performed with the solution
containing 50.0 ppb B-naphthylamine and 8.33 ppm 4-nitroaniline.

Table 4. Continuing Calibrations
associated with Initial Calibration #1

B-Naphthylamine 4-Nitroaniline

Table 5. Continuing Calibrations
associated with Initial Calibration #2

B-Naphthylamine 4-Nitroaniline
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‘ l Table 6. Other Calibrations, for 4-Nitroaniline only
Initial Calibration Continuing Calibrations

(at 0.250 ppm)
(ppm)

' conc.

69.0 17.3%

53.8 8.6%
56.2 4.4%
Initial cCalibration 67.3 14.4%

Avg. RF = 58.8, 5.3% RSD
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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. Aliquots 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 agqueous 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 M8 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
experlments showed that 4-nitroaniline had a retention time of
8.2 min, with an estimated 1nstrument detection limit of 200 pg,
monitoring m/z 156 for the [M+NH, ]* ion. The primary target
analyte, B-naphthylamine, had a retentlon 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 nm (UV);
6.0 pg for B8-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 B8-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 B-naphthylamine and matrix
spike recoveries were two method features that were poorly
addressed by existing technologies. The Region located methods
having detection limits for B-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 gqguantitation accuracy. In this technical support
project, recoveries over 70% and a method detection limit of 1
ppb for B-naphthylamine were obtained.

Analytical Acceptance Criteria

Required method detection 55 ppb

limit for B-naphthylamine

Ideal method detection limit 1 ppb

Initial calibration linearity RSD < 25%

Continuing calibration RF % Difference < 25%

Required matrix spike + 50%

duplicate (MSD) sample results

Ideal MSD sample results + 20%

Blank samples analytes ND at required MDL
Required recovery of spiked 15%-125%

analytes

Ideal recoveries of spiked 50%-110%

analytes ,

Extract cleanup quality guantitation unaffected within

required duplicate precision
lezgl (+ 50%)

12
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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 B-
naphthylamine (B-NAP). In the table below, Soil (1) 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 problemn,
possibly due to the solubility of B-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 conc. (ppm) Solvent 4=NIT B-NAP
sand 20 ACN 47 18
soil (1) 20 ACN 42 19
soil (1) 20 H,0, pH1 10 0

sep. funnel
sand 20 ‘ CHZCl2 65 57
sand 20 CH,Cl, pPH9.5 62 56
sand 20 CH,Cl,/acetone 31 10
sand 20 H,0/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 CH,Cl, basic 36 , 20
soil (2) 10 CH,Cl,/acetone 26 10
basic
soil (2) 10 H,0 pH 1.5/ 0 0
SPE
water 10 ' H,0 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 B-
naphthylamine (stock solution at 1000 ug/mL) and 4-nitrocaniline
(stock solution at 1000 ug/mL); 40 uL of stock solutions spiked
onto the matrix, unless otherwise specified below. Extracts were
solvent exchanged into acetonitrile, and diluted by adding 250 uL
extract to 750 uL 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 concentratlon)

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 conc. 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%

15
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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.

Aammonium 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 uL aniline; 2 g sodium sulfate, 1
sonication, 10 mL ether as solvent; KD, blowdown, solvent
exchange, dilute, analyze. (b) saturate so0il 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, KD, 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. 1In 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 uL
aniline, 3.9%; ether with 5 uL aniline, 8.6%; ether with 10 uL
aniline, 9.5%; methanol without aniline, 2.3%; methanol with 5 uL
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 51lanlzatlon,
39%; wet soil with silanization, 27%.

16
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Different amounts of spiked aniline were tested on a 10 g
dry background soil sample spiked with 80 uL B-naphthylamine and
processed with 10 g sodium sulfate, 3 sonications, 50 mL ether
solvent, KD, blowdown, solvent exchange, dilution and analysis.
For 15 uL aniline, the recovery of B-naphthylamine was 35%; for
25 uL, 52%; and for 35 uL, 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 uL 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 8-
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 B-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.

18

AR306L79



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°% 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 uL of a 1000 ug/mL solution of
B-naphthylamine in acetonitrile.

Add 12 pellets of KOH.

Add 100 mL of aniline-treated ether (25 ulL 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 gquantitative 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.

20
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FINAL ANALYTICAL METHOD FOR A-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 uL each of 4-nitroaniline and
B-naphthylamine solutions (10 ug/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 uL were used with an injection loop having a
capacity of 250 uL. These conditions provided a detection limit
of 1 ppb for B-naphthylamine and 300 ppb for 4-nitroaniline.

Time (min) % NH OAc (0.01M) % Acetonitrile
0 (Run #1) 70 30
7.0 70 30
16.0 55 45
16.5 55 45
17.0 0 100
20.0 0 100
20.5 70 30
[25.5 = 0 (Run #2) 70 =‘ 30
21
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APPENDIX A

LITERATURE SEARCH
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(ECG) variable that combines temperature. moistury stress, and
APAR was used to simulate the daily interactive eff¢cts of weather on
corn growth and yreid The ECG vanable, sumi rom planting 1o
_physiological maturity. was associated with 83% of the variance in
.mn yrelgs when APAR was estimated with LAl Jhe ECG vanabie
as associated with 85% of the variance in grairyyieids when APAR

as esumated with the spectral variabie Gi.

ECONOMICS AND ENERGETICS OF WERD CONTROL IN
SOYBEAN TILLAGE SYSTEMS rder No. DAB421019

GOETTE. Joun MaRTIN, Pu.D The University pf Florida, 1984, 82pp.
Chairman Dr Wayne L. Currey

Economic and energetic efficiencies of varnous weed control
programs were determined and comparsd in three soybean [Glycine
max (L.) Merr ] tillage systems. Field triaig were conducted over &
three year period between 1881 and 1 at Gainesville, Florids.
Weed control programs consisteg of vafious combinations of
preemergence and posiemergence hesticide applications. Tiliage
operations were conventional, minimym, and no-tillage. Weed
populations consisted primarily of algxandergrass [Brachiaria
plantaginea (Link) A Hitche.]. Flondg beggarweed [Desmodium
tortuosum (SW.) DC.), and redroot gigweed (Amaranthys retrofiexus
L.).

Herbicide treatments mciuded alin applied at 0.84 kg/ha.
metribuzin 8t 0.43 kg/ha. acifluorfen at 0.43 kp/ha, sethoxydm at
0.22 and 0.34 kg/ha. 2.4-DB at 028 kg/ha. and glyphosate appired at
1.12 kg/ha.

Cos! efficiencies were detershined by establishing a cost efficiency
ratio (CER = goliar return * préguction cost—") for each weed control
program within a given tillage System. CER values greater than unity
indicated a profitable progucon system.

The energy efficiency wag established by comparisons of energy
productivity (EP = yield weifht « total energy input-'). An average EP
vaiue for United States grown soybeans was approximately 0.18383

/M.

The comprehensive regults indicated that preemergence

ications of oryzahn shd/or metribuzin were essentiai for

1mizing economic and energetic efficiency. Postemergence
applications were usualfy necessary in order 1o mantam maximum
efficiency; however treatments were relatively inefficient when
they were appiied al .

Directed posiemergence applications were the most consistent
performing treatmengs among those testad. The directed
postemergence treatment of (metribuzin + 1.4-DB), in combination

systems with two exceptions where it yisided

the second hi value.

performance/was primarily due to the fact that in-row subsoiling was
i ted in 1882 as it was in 1881 and 1963,

REACTIONS OF BENZIDINE, a-NAPHTHYLAMINE AND P-
TOLUIDINE IN SOILS OrderNo. DAB423364

GraverL, Joun GeEnanrs, Pu.D. Purdue University, 1884. 171pp. Major
Professor: Darrell W. Neison

Decomposition of 4C-labelied penzidine (4.4’ -diaminobiphenyl),
a-naphthylamine (1-amino-naphthaiene), and p-toluidine (4-amino-
toluene) was studied by mcubating amine-treated soils for
approximately one year and monitoring 14CO, evoived. At the end of
incubation, 8.4 10 11.9%, 16.6 10 30.7%. and 18.9 10 35.1% of adced

dine. a-naphthylamine, and p-toiuidine, respectively were

‘ved as CO,. Degradation rate was described by two first order

Lctions. Hall-lives calculated using the siow phase rate constant
were 11.5, 5.3, and 5.0 years for benzidine. a-naphthylamine. and p.
toluidine. respechively. Comparnison of data from sterile and nonsterile
soils suggestad that microbes were responsible for degrading amines.
Optirnum conditions for decomposition were: <0.033MPa water
potential, 30°C and piH 5.4. Activation energies calculated from the

- CHARACTERIZATION AND SELECTION OF §

occupied b

———

Arrhenius equation were 40.0, 21.5. anc 30.2 kL mot=" tor benzigine
a-naphthylamine, the p-toiuidine, respectively, suggesting that aming
decomposition was tiologically mediales. Agdiion of metabohizatie
orgamic substrates did not enhance gecompasition

A batch equilibrium techrique was used to study sorption t¢
aromatic armnes by soiis. Efiect of pH on sorption was investigatec o
comparing amine retention at natural pH 1o soiis having pi vaiues
adjusied 1o 7. Amine sorption increased with a gecrease in p
Sorption 1sotherms for ali compound substrate compinations were
gescribed by the Freundlch equation. Nonlinear sorption sotherms
were obtaineg with benzidine and o-naphthylamine. Equilibrnum
sotherms for p-toluidine were linear. Freundiich constants (K) tor
benzidine were correlated with organic carbon content of adjusted >
soils. There were no significant reiationships between soil properties
and K vaiues tor g-naphthylamine. Freundiich constants tor p-
toluidine were correlated with % clay in soils 1or unadjusted and
adjusted pH systems. Desorption of sorped amines toliowed the orae
benzidine << p-toluidine < a-naphthylammne.

The binding of aromatic amines was studied by a sequential
extraction of amine-trested soils with ethylacetate:methanot, NH,04¢
and NaOH. Resuits show amines bind in two phases: initially 8
reversibie equilibnum was establisned between the armine and soil
components Subsequently, amines become strongly associated witt -
the humic fraction of $0il presumabiy through nuciegphilic addition &
quinones.

USE AS INOCULANTS FOR GROUNDNUTS / SUDAN

Or tNo.DAB423708
HADAD, MOnaMED AMMED ELMaG. Pr.D. lowa Styffe University, 1984
127pp. Supervisor: T.E. Loynachan

The sbundance of groundnut-nodulating
in Sudan with vaniable o properties did ng
esther the soil chemical properties or the ¢ ¢
were |ast planted in crop rotations.

Rhizobium solates were obtained fro
native legumes in Sudan. The isoiates v,
characteristics, seroiogical properties
Sudanese groungnut cultivar. The cu
rhizobis isolsted from groundnut.

ruzobia in 32 iocations
[correiate significantly tc
at10N SINCe groungnuls

six of the commonly growr
ed in physioiogical

nd nodulating ability on a

ar showed selectivity tor

Sudanese isolates tested (Wad

genotype (Virginia or Spanish) lite intiuenced the efficiency of the
strains. y
The Rhizobivm sirains TAL J08. Wad Medani, and Kadugli vaned

vided a means of strain recognition
was verified by using sarological

techniques. Results of 8 ¢co i_tion study among the three strains

showed that the order of coghpetitive ability was TAL 309 > Wad
Megani > Kadugli rrespectjie of the cultivar type.

Increasing the pH fromye.5 to 8.0 in a pot experiment did not
influence the competitivgfability of the two Sudanese strains when

tested on the Sucanes
noculation level of thegess competitive. but efficient, Kadugli strain

by 104 times that of thg Wad Medan: strain gave the Kadugli strain &
competitive advantage and resuited in 100% cof the main-root nodule:
being tormed by thejKadugh strain,

Under Sudanesd fieid conditions, inoculation of two groundnut

cultivars, ‘Ashfordf and ‘Barberton’, with selected strains by using
different methodgdid not resuit in comparabie yieids 1o those
obtained by addjhg 120 kg N ha-' as ammonium sulfate. Trends did
favor the peat glirrier over the oil camer, and placing the inocuiant i«
cm beiow the gbeding depth. The serologically distinct inoculamt
strain, TAL 300 (apphed a1 5.3 x 107 viable telis per two groundnut
seeds), was Jairly competitive with the native rhizobwai popuiation
presant at 2/1 x 104 g-* of soil. Approximately 40% of the nadules we'
the inoculant stram.
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Decomposition of Benzidine, «-Naphthylamine, and p-Toluidine in Soils'

JOHN G. GRAVEEL, LEE E. SOMMERS, AND DARRELL W.NELSON!

ABSTRACT

Decomposition of '*C-labeled beuzidine, a-aaphthyiamine, and p-

toluidine in soil was studied in laboratory experiments by monitoring
CO, production duriag a 308- to 365-4 lucubation period. The im-
poriaace of microbial activity in decomposition of all theee aromstic
smines was shown by decreased “CO, evoistion in “Co treated soils.
Afier 365 d of incubstion, 8.4 to 12% of added benzidine (54.3 xmol
kg"') was evoived as CO, while 17 to 31% of added a-asphthylamine
(6.8 ymol kg™') and 19 1o 35% of added p-toluidine (93.3 amol kg™*)
were evoived as CO, in 308 d. Decomposition of benzdine, o
saphthylamine, and p-toluidine was greatest at s water potential of
—4.033 MPs and decreased at both § and —- 0.5 MPs. Decomposition
was enhanced by increasing the tempersture from 12 te 30°C. Tae
aboolute amount of c-nsphthytamine and p-toluidine decomposed in-
creased while the percentiage of sdued amine degraded decreased a3
spylication rute was iacreased from 1 te 1000 mg kg~'. For benzidine,
both the amount and proportioa decomposed increased with an in-
crense in application rate. Decomposition of sromatic amines was not
enbanced by the addition of decomposable substrates. Differences in
decomposition of aromatic amines occurred among soils, but con-
sistent relationships between decompotsition of amises and sodl
properties were not observed. In batch equilibration studies, the
Freundlich equation described sromatic amine sorption. lsotherms
were aonlinear for benzidine and a-naphthylsmine and Unear for p-
toluidine. Desorption of sorbed amines followed the order: benzidine
< p-toluidine < a-asphihylamine and was inversely reiated to the ex-
teat of decomposition.

Additional Index Words: sromatic amines, ¢,4'-diaminobiphenyl,
i-aminonaphthsicne, 4-methylaniline, sorptien.

Graveel, J. G, L. E. Sommers, and D. W. Nelson. 1986, Decomposi-
tion of benzidine, a-naphtylamine, and p-toluidine in soils. J.
Environ. Qual, 15:53-59.

Increased concern over the fate of synthetic organics in
the environment has developed within the past few
years. Benzidine (4,4’'-diaminobiphenyl), a-naphthyi-
amine (l-aminonaphthalene), and p-toluidine (4-
methylaniline) are synthetic organic compounds which
are used in the manufacture of dyestuffs, pigments,
rubber products, and agriculture chemicals (Haley,
1975; Golab et al., 1979; USEPA, 1979). These varied
applications suggest many possible modes of entry into
the environment, ranging from direct discharge to con-
version of azo dyes to the parent aromatic amine
through bacterial action (Yoshida and Miyakawa,
1973).

Relatively little is known about the fate of benzidine,
a-naphthylamine, and p-toluidine in soils. Studies by
Hauser and Leggett (1940) and Tennakoon et al. (1974)
showed that aromatic amines are oxidized rapidly in
clay soils to form colored complexes. Sorption of

'Contribution of the Purdue Univ. Agric. Exp. Stn., Journal Paper

?&. l{) 9(8!4”' Dep. of Agronomy, W. Lafayette, IN 47907. Received 25
y .

'Former Graduate Assistant and Professors, respectively. The
senior author is currently Assistant Professor, Dep. of Plant and Soil
Sci., Univ. of Tennessee, Knoxville and the third author is Professor
and Head, Dep. of Agronomy, Univ. of Nebraska, Lincoln, 68583.
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aromatic amines by clay minerals may result in a de-
crease in biological decomposition. Hsu and Bartha
(1973, 1974), Parris (1980), and Bollag et al. (1983) have
shown that soil organic matter affects the degradation
rates of aromatic amines by covalent bonding of the
amino group into humic-type compounds. In contrast, a
spil ipcubation study has shown that benzidine degrada-
tion in a siity clay ioam soil was rapid with only 20.7%
of the parent compound remaining after 4 weeks (Lu et
al., 1977). Studies by Medvedev and Davydov (1972)
showed p-toluidine was decomposed at a faster rate
than naphthylamine in a chernozem soil receiving coke
industry waste. Hydrolysis of benzidine has been ob-
served in cultures of Nocasdia asteroides (McClung,
1974). Since additional information is needed concern-
ing the degradation of aromatic amines in soil, the ob-
jectives of this work were to determine the effect of soil
and environmental conditions on decomposition rates
of benzidine, a-naphthylamine, and p-toluidine in soil
and to assess sorption of these compounds by soils.

MATERIALS AND METHODS
Soils
The soils used in this study were surface (0-15 cm) samples seiected

. to represent & wide range of chemical and physical properties. The

field moist soils were air-dried and ground to < 2 mm. Selected
propesties of the soils are presented in Table 1.

Degradation of Aromstic Amines in Soil

Benzidine, a-naphthylamine, and p-toluidine degradation in soil
was studied under laboratory conditions, using '‘-C compounds:
benzidine and p-toluidine were uniformly labeled in the ring and o-
naphthylamine was labeled at carbon-1. Labeled benzidine (6.0 TBq
kg*) and a-naphthylamine (4.0 TBq kg™*) were obtained from New
England Nuclesr Company (Boston, MA), and p-toluidine (4.5 TBq
kg™*) was obtained from California Bionuciear Corporation (Sun
Valley, CA). Uniabeled benzidine, a-naphthylamine, and p-toluidine
were Sigma Technical Grade (St. Louis, MO). Aqueous solutions con-
taining either 5.43 xmol of benzidine (20.1 Bq '‘C mmol™*), 6.98 xmol
of a-naphthylamine (5.9 Bq '*C mmol™*), or 9.33 amol of p-toluidine
(7.9 Bq '*C mmol"') were added to a 500-mL Erlenmeyer flask and 100
g of soil were added (final soil concentration of amines was 10 mg
kg*). Soils were adjusted to —0.033 MPa water potential by adding
distilled water. The contents of each flask were mixed, connected to a
closed seration apparatus and incubated in the dark at 23°C for ap-
proximately | yr. Humidified CO,-free air was passed over the soil
surface at 0.48 L h"* and CO, evolved was absorbed in 28 mL of | M
KOH. The KOH trapping solutions were replaced periodically and
analyzed. Periodic measurements of soil moisture indicated that water
potential did not vary by more than + 10% during the experiments.

An aliquot (10 mL) of the CO,-trapping solution was treated with §
mL of 1.5 M BaCl, and titrated with 0.5 M HC1 using phenolphthalein
as the indicator 1o determine total CO, evoived. A separate S mL
aliquot of the KOH trapping solution was acidified with approxi-
mately S mL of 4 A7 HCl and the released *CO, was collected in 2 mL
of NCS reagent (quarternary ammonium base in toluene; Amersham/
Searie Corporation, Astington Heights, IL) contained in a scintillation
vial fitted with an absorption tower. Contents of the tower were
washed into the vial with PPO-toluene cocktail (0.5% w/w 2,5-
diphenyloxazole in toluene) and the '*C activity determined with a
Beckman 7500 scintillation counter. The counts were corrected for
background and counter efficiency by assaying a '‘C-toluene standard

3. Eaviron. Qual., Vol. 15, 50. 1,1986. 53
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Tabie 1. Properties of soils used in this investigation.

Soil P Particle size distribution Total
- w
Seriest Subgroup pH Sand Siit Clay cs Total N CECY at ._z;r&n; ;:
gy mg kg cmol{+) kg g H,0kg il

Moroceo s Aqu?e Udipsamments 4.7 788 213 21 19.1 1687 186.9 123
QOakville s Typic Udipsamments 5.2 832 127 41 10.4 988 10.2 114
Rusesll ail Typic Hapludalfs 5.4 184 692 124 98 1111 14.7 244
Chaimers sil Typie Argiaquolls 5.4 175 643 182 20.8 1975 25.0 185
Milford sici Typic Haplaquolls 6.4 43 587 370 27.1 2693 45.4 372
Foxl . Typic Hapludalfs 7.0 483 416 101 19.0 1806 12.8 189
Nappanee sic! Asric Ochraqualfs 18 161 487 352 18.3 1778 334 318
1 o, snnd; sil, silt loam: sicl, sil ; i i i
Ine 1 C'um.nd. gdnyhm.l.bun. 1ammquwm“ofumu-bhun;m.&mu.

Table 2. Effect of *Co sterilization oa *CO;, evolution from “C
labeled aromatic amine treated soil

tic Incubation time id)

amine tiomt 7 14 31 - 3 45
%$

Benzidine “Co 02 03 04 05 06 0.7
Ustreated 06 1.2 LT 22 26 33
a-Naphthylamine *Co 0.0 0.1 0.1 0.2 0.3 0.4
Ustreated 62 90 110 128 140 159
P Tohaidine “Ce ol ot 04 07 10 18

? Ramgden racwivnd sithee 34,8 amal heasiding, 898 amal 1-naphthylamine,
(L3 CEPUNVPRTS STUT Y PRES PR
$ Cumulative percent of added **C activity svolved 83 *CO,C.

llw’u_d_ 44 &S & 91 103 118

in 8 NCS-PPO matrix. A preliminary experiment indicated that
benzidine, a-naphthylamine, and p-toluidine were not volatilized
from aqueous solutions buffered at pH 4, 6, and 8. For all three com-
pounds, < 1% of the amine added was lost through volatilization.
This fact together with appreciable sorption by soils indicates that '“C
contained in the NaOH trap was 'CO, rather than the amine added.

At the end of the incubation period, soils were air-dried, ground to
< 0.15 mm, and assayed for residual '*C activity by the dry com-
bustion method of Cheng and Farrow (1976). Evoived CO, was
trapped in SO mL of 1| M KOH and '*C was determined as described
above. The recovery of benzidine, a-naphthylamine, and p-toluidine
was based on specific activities of 20.1 Bq mmol"', 5.9 Bq mmol™, and
7.9 Bq mmol"!, respectively.

Effect of Incubstion Coaditions on Decomposition

Soil sterilization was conducted by treating 40 g of Russell s0il for
24 h with 2.45 kGy h™' y-irradiation from a “Co source. Gamma ir-
radiation was chosen over autoclaving or chemical sterilization meth-
ods because “Co has a minimum effect on 30il properties (Ramsay
and Bawden, 1983). After sterilization, the 30il was aseptically trans-
ferred to sterile 500 mL botties and treated with an squeous solution
containing either 4.3 gmol kg** of benzidine (20.1 Bq '*C mmol™),
69.8 xmol kg~* of a-aaphthylamine (5.9 Bq '*C mmol"*), or 93.3 xmol
kg*' of p-toluidine (7.9 Bq "“C mmol™"). The soil was brought to
—-0.033 MPs water potential by the addition of sterile distilled water
and the bottles were sealed with rubber stoppers fitted with giass rods
to which 8 mL vials contsining 5 mL of 2 M KOH were attached
(Bundy and Bremner, 1972). The samples were incubsted for 47 d in
the dark at 23°C. At regular intervals, the CO, trapping solutions
were removed, brought to volume in a 10 mL volumetric flask, and
the evolved '“C in the KOH was determined by liquid scintiliation
counting as described above. Periodically the bottles were weighed
and sterile, distilled water added aseptically to maintain a constant

water potential. Unsterilized samples were treated with “Celabeled

aromstic amines and incubated in the manner described above,

The effects of specific environmental factors were determined by -

varying one factor while holding all others constant. To evaluate the
effect of soil water potential on decomposition, water was added to
the Russell soil to maintain water potentials of 0, —0.033, 0.1, or
-0.5 MPa. The effect of temperature was evaluated by incubating
Russel! soil treated with benzidine, a-naphthylamine, and p-toluidine

$4 ). Eaviroa. Qual,, Vol. 15, mo. 1, 1986

at 12, 23, and 30°C. To determine the =ffect of application rate on
"CQ, evolution, benzidine, a-naphthylamine, and p-toluidine were
tp?bed to the Russeil soil at rates of 1, 10, 100, and 1000 mg kg™ of
soil. Glucose lnd alfaifa (Medicago sativa) were added to soils at or
before aromatic amine application to determine if degradation of the
amines could be enhanced by decomposition of readily metabolizabie
substrates. Sampies of Ritsell soil were treated with either a single
addition of 0.6 mmol glucose at the time aromatic amines were added
or multiple 60 mg sdditions of ground alfalfa forage were made every
7d l'or.ZI d pnot 10 amine addition. To enrich a population active in
degrading amines, aniline (64 umol) or biphenyl (39 umol) were added
every 7 d for 21 d to incubation flasks containing 60 g of Russell soil
PHOT to treatment with benzidine (£4.3 smol), e~naphthylamine (63.3
amol), and p-totuidine (93.3 xmol) and incubation of 132 d.

Somption Isotherms

Sorption isotherms were determined in duplicate by equilibrating
soil (4 g) with 40 mL of 0.01 M Ca(NO,), conataining an appropriate
concentration of the '“C amine in 50 mL glass centrifuge tubes at 25°C
for 24 h in a temperature-controlled shaking water bath. Initial con-
centrations of benzidine and o-naphthylamine in solutions added to
soils ranged from 5 mg L°' to 200 mg L."* and p-toluidine concentra-
tions were S mg L~ to 100 mg L"'. After equilibration, the liquid and
solid phases were separated by centrifugation. Initial and final con-
centration of benzidine, a-naphthylamine, or p-toluidine in the solu-
tion phase was determined by liquid scintillation counting on a
Beckman 7500 Liquid Scintillation Counter using ACS
(Amersham/Searle Corporation) as the counting cocktail. Activity
measurements were corrected for counter efficiency by assaying '‘C-
toluene standards in an ACS matrix. The amount of amine absorbed
was calculated by difference between initial and equilibrium concen-
trations. The pH of the supernatant was determined by glass elec-
trode. Amine decomposition during equilibration was not a problem
since < 0.5% of added benzidine, a-naphthylamine, and p-toluidine
were decomposed in soil in 48 h, )

Desorption of benzidine, a-naphthylamine, and p-toluidine from
soils equilibrated with amines was determined by adding 40 mL of
0.01 M Ca(NO,); and shaking the sampies for 24 h in a temperature-
controlled water bath. The solution phase was separated by
centrifugation and the concentration of amine in solution was de-
termined by liquid scintillation cournting as described above. The
amount of benzidine, a-naphthylamine, and p-toluidine occiuded in
the sediment pellet was calculated from the weight of solution in the
pellet and the amine concentration.

Statistical analysis of the data (analysis of variance and Newman-
Keul tests, p = 0.05) were performed a3 described by Steel and Torrie
(1980). All values are averages of two replications and expressed on an
oven-dry soll basis.

RESULTS AND DISCUSSION
Decomposition Under Sterile and Noasterile Conditions

To determine if benzidine, a-naphthylamine, and p-
toluidine might degrade by chemical pathways,
aromatic amines were incubated in Russell soil which

WR306486
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had been treated with 49 kGy of v 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-
ports the premise of microbial metabolism, it is not
positive proof of microbial decomposition since small
amounts of benzidine, a-naphthylamine, and p-
toluidine were graded in the “sterile’ soil. To assess the
sterility of soils incubated for 45 d, soil subsamples were
transferred to nutrient broth and incubated. Microbial
growth was observed in the broth and thus the soils ap-
parently became contaminated with air-borne
contaminants during the incubation period. It is also
possible that the limited decomposition was due to
chemical hydrolysis. The sterile soil treated with
benzidine had approximately 21% of the decomposition
observed with nonsterile soil, suggesting that chemical
hydrolysis may be partially involved in benzidine de-
gradation in soil. Microbial metabolism is the primary
mclschdal:ism for degradation of a-naphthylamine and p-
toluidine.

Degradation of Aromastic Amizes in Soll

Evolution of **CO; was monitored to determine rates
of benzidine, a-naphthylamine, and p-toluidine decom-

position in soils. Since ring-labeled compounds were -

used, “CO, release will occur only after ring cleavage,
indicating compiete degradation of the added amine. It
must be realized that measuring '*CO,; may under-
estimate the extent of decomposition if; (i) the com-
pound is only partially metabolized, (ii) the C is in-

corporated into microbial biomass, or (iii) the amine re- °

acts with soil components (i.¢., organic matter) to form
stable reactions products. Thus, the decomposition esti-
mates described in this work may be conservative in
nature. Decomposition of benzidine was significantly
greater in the Chaimers soil (11.6%) than the Russell
(10.1%s), Nappanee (9.8%), or Oskville (8.3%) soils (P
= 0.05). The a-naphthylamine degradation rate varied
among the six soils studied (Table 3). After 308 d, de-
gradation was greatest in the Russell (30.7%) and Chal-
mers (28.7%) soils, and was lowest in the Milford soil
(16.6%). Decomposition of p-toluidine was aiso in-
fluenced by the soil used (Table 3). Degradation was sig-
nificantly greater in the Fox soil (35%) than the
Chalmers (29%), Russell (27%), Morocco (21%),
Milford (21%), and Oakville (19%) soils. Other than a
correlation between '*CO; release and CO, evolution for
the p-toluidine amended soils (P = 0.05), there were no
consistent relationships between soil properties and
amine degradation rates but it is apparent that soil char-
acteristics are modifying the rate of decomposition.
Total amounts of CO;-C evolved from the soils
treated with benzidine, a-naphthylamine, and p-
toluidine are presented in Table 3. There was no sig-
nificant difference in cumulative CO, evolved from the
unamended Russell (control) and Russell soil treated
with the three aromatic amines, indicating that addition
of aromatic amines at 100 mg kg™ did not inhibit
microbial activity. Since total CO, release originates
from decomposition of both added amine and soil or-
ganic matter and since amines were added at a low rate
(equivalent to —7.5 mg C kg™), it is readily apparent

Table 3. Recovery of "‘C activity {rom benzidine,
o-saphthylamine and p-toluidine amended

soils incubated at 23°C.
Recovery of '*C

Aromatic Total CO,C Rasidual

aminet Sail evolved: CO,C} insoil Total
mgCO,Ckg™* %

Benzidine Chaimers 698 11.6a 789 90.5
Nappanee 2146 9.8¢ 880 978
Oskville 738 8 731 814
Ruseell 7429 10.1b 88.2 98.3
oNaphthylamine Chalmers 1094 2876 722 1009
Fox 1301 196¢ 858 1085
MiMord 1006 1¢.6¢ 2 95.8
Morocco 596 238 709 .5
Qakville T4 2.1de 727 [ %]
Ruesel] ases 0.7 €17 924
p-Tolidine Chalmers L7 2] 281 744 1031
Fox 1191 35.0n 59.1 .1
Milford 948 20.7ef 784 .1
Merocco 43 21.2de 624 836
Ouskville - 487 189f 728 9.7
Russell 951 08¢ 658 233

1 Incubstion period of 365 d for benzidine and 308 d for -napbthylamine
and p-toluidine.

$ Total amount of labsled and unisbeled C evolved from solls.

§ For a specific amins, values followed by the same letter are ot sig-
nificantly different by Duncan’s Multiple Range Test (p = 0.08).

4 COC evolved from untrested voil was 670 mg Ckyg"'.

# CO.C svoived from untrested soil was 963 mg C kg,

that total CO, evolved is primarily due to decomposi-
tion of soil organic matter. As expected, CO; release
was greater in the high organic matter soils and lowest in
the Oakville sand for all three aromatic amines. At the
end of the incubation approximately 7.4, 5.4, and 5.1%
of the soil organic matter had decomposed from
benzidine, a-naphthylamine, and p-toluidine amended
soils, respectively. Recovery of “C from soils after
incubation for approximately 1 yr indicates that > 90%
of the added C can be accounted for as CO; or residual
“C in the soil (Table 3). For the majority of experi-
mental systems, the < 30% evolution of '*CO, reflects
the recalcitrant nature of the amines, rather than the
loss of substrate by volatilization or experimental
errors.

The low decomposition rate observed for all three
aromatic amines suggests that degradation may be con-
trolled by either soil environmental conditions or by
sorption onto soil constituents because the compounds
are known to be degraded during sewage treatment.

Effect of Soll Water Potential

Degradation of aromatic amines in Russell soil was
greatest at —0.033 MPa for all three amines and it de-
creased significantly at saturation (0 MPs), —0.1, and
-0.5 MPa (Fig. 1). For the benzidine treated soil, very
little reduced *C (e.g., '*CH.) was evolved since nearly
all of the added **C-activity was accounted for as CO,
and residual forms in the soil at the end of the study.
The inhibition of benzidine, a-naphthylamine, and p-
toluidine decomposition associated with a decrease in
soil water potential suggests that water availability was a
limiting factor. Studies by Parker and Doxtader (1983)
showed that 2,4-D decomposition decreased with a de-
crease in soil water potential. At 0 MPa potential the

3. Eavirou. Qual,, Vel. 15, m0. 1, 1986 85
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smended Russei! soll lacubated at 23°C.

soil likely became anaerobic and thus O, may limit
microbes using a dioxygenase for the initial steps in de-
gradation of aromatic rings (see review by Gibson and
Subramanian, 1984).

Effect of Incubation Temperature

As expected for a microbial process, the rates of
benzidine, a-naphthylamine, and p-toluidine decom-
position in the Russell soil were greatly affected by incu-
bation temperature. Decomposition was greatest at
30°C and decreased significantly at 23 and 12°C for all
three amines. The decomposition of added benzidine in-
creased from 3.7% at 12°C to 12.2% at 30°C. Approxi-
mately 16, 28, and 33% of added a-naphthylamine or p-
toluidine were decomposed at temperatures of 12, 23,
and 30°C, respectively.

The relationship between amine degraded and
temperature was described with the Arrhenius equation
resulting in activation energies of 52.6, 27.7, and 34.3
kJ mol™* for benzidine, a-naphthyl-amine, and p-tolui-
dine, respectively (Table 4). Miekle et al. (1973) sug-
gested that activation energies of 75.4 to 104.8 kJ mol™*
indicate chemical degradation while values of ~21 kJ
mol-! indicate microbiological reactions. Enzymes have
activation energies ranging from 12 to 46 kJ mol™
(Sizer, 1943).

LOQ X/M (ameles kg )

3 4 )
LOG C (nmeies L)

Fig. 3. Serption isotherms for beunzidine retention by selis.
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Fig. 2. Effect of amine application rate on camulative “CO, evoln-
tioa from '‘C-labeled beazidise, a-naphthyiamine, and p-toluidine
amended Russell soil incubsted at 23°C.

Associated Q,, values for benzidine, a-naphthyl-
amine, and p-toluidine over the temperature range of 12
to 30°C range from 1.4 to 1.8 (Table 4). The range of
Q¢ values for most enzymatic reactions fall between 1.4
and 2.0 (Meyer and Anderson, 1963). The Q,, values
found (i.e., s 1.8) support the premise that decom-
position of benzidine, «-naphthylamine, and p-
toluidine was microbial.

Effect of Application Rate

The effect of application rate on the decomposition
of benzidine, a-naphthylamine, and p-toluidine in
Russell soil is presented in Fig. 2. There was a linear
relationship between amount decomposed and log of
the application rate for-all three aromatic amines. The
amount of benzidine, a-naphthylamine, and p-toiuidine
decomposed increased with increasing application rate.
The percentage of added benzidine decomposed in-
creased from 7.7% at the low rate to 11.4% at the high
rate while the reverse trend was found for the other two
compounds. The decrease in percent decomposition ob-
served with a-naphthylamine and p-toluidine at the high
application rates suggests that higher concentrations of
the amine may be inhibitory to metabolism or that the
rate of the enzymatic reaction has approached a maxi-
mum at the high substrate concentrations. The rate of

4

LOG X/M (pmeles kg )
o )

1 2
LOG € {pmelas L )
Fig. 4. mmr«mmmmmnm.
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Table 4. Activation energies and Q¢ values estimated trom
t.-pcltm variatioa of beuidine. n-upbthyhnhc.

Table 5. Recovery of “/C activity from Russell soil treated with
an sromatic amine plus glucose, alfalfa, aniline, or bipheny!

and p-toluidine degradation and incubated at 23°C for 132 d.
Conet: £ Correlation Recovery of 'C
tra cosfficient
Aromatic aaine Q. J Aromatic Treat Totai COC Residual
) amolkg  kJ mol™ r amine mentt evoived  CO,C insoll Total
Benzidinet 54.3 528 18 0.975 '
«Nephthylamines s 27.7 1.4 0.938 5 Nooe u;k:. o sll ‘ %08
933 3 . Benzidine : - . :
»Toluidinat u 18 9.969 Alfaifa 4 B2 944 1028
1 365-d incubetion, Aniline -1 8.3 863 945
1 308-d incubation. Biphenyi - 8.2 876 9%.7
§ Correlation cosfficient for log (i decomposed) versus reciprocal of Glucosst 121 11.0(10.2) 888 9%.8
temperaturs (285, 298, and 303 K) o-Naphthylamine Nome 521 203 06 99
Alfalfa 193 194 834 1028
benzidine decomposition in soils may be substrate Glocose$ 108 ;;;3 {30.7) sz_.s 10_1.1
limited due to sorption of benzidine by soil constituents. p Totuidine Noos 871 168 %8 921
If the sqlution cpneentration is belqw the K, for Alfalfa 708 148 72 920
enzymes involved in uptake or metabolism, the percent aﬂ- - 163 833 Ns
decomposition will increase with an increase in applica- bocoeed 17 6268 - -

tion rate.

Addition of Metabolizable Organic Substrates

Attempts were made to increase the decomposition of
benzidine, a-naphthylamine, and p-toluidine by adding
readily utilizable carbon and energy sources to soil. A

single addition of glucose and multiple additions of

alfalfa forage had essentially no effect on decomposi-
tion of the three amines studied (Table 5). Glucose and
alfalfa addition did increase the total CO, production
from the Russell soil (Table $).

Decomposition of benzidine, a-naphthylamine, and
p-toluidine in the Russell soil following preincubation
with aniline and bipheny! is also shown in Table §.
There was no significant difference between preincu-
bated and unamended Russell soil for the decomposi-
tion of added amine (p = 0.05). These findings suggest
decomposition of benzidine, o-naphthylamine, and p-
toluidine will not be enhanced by growth of soil
microbes on a readily utilizable carbon and energy
source. Enriching for a population capable of decom-
posing aromatic compounds by adding aniline or
bipheny! to the soil also does not promote decomposi-
tion of benzidine, a-naphthylamine, and p-toluidine.
Representative data are shown in Table § mdlutmg the
nearly complete recovery of added ‘C obmned in a
range of experimentai systems.

Sorption of Amines

Sorption of benzidine, a-naphthylamine, and p-tolui-
dine by soils yielded isotherms that could be described
by the Freundlich equation

x/m = KMV*

where KX and 1/n are constants, x/m is the amount
sorbed per unit weight of soil, and C is concentration in
equilibrium solution. By definition, Freundlich sorption
isotherms with 1/n values = | are linear. The logarith-
mic form of the Freundlich equation was evaluated by
linear regression to calculate X and 1/a. Freundlich
sorption isotherms for the amines studied are presented
in Fig. 3 to 5. The calculated X, 1/n, and Koc values for
each amine-soil combination are presented in Table 6;

1 Three additions of 80 mg alfalfs. 1.1 mmol aniline or 0.8 mmol biphenyl
:..’o'udkm was 2 single 0.6 mmol addition to 100 g

$365d incubation: parcent of “C evolved from soil not treated with
glucose shown in parenthesis.
;mmuuumd-cmvdmuxmmunm

Koc values are caiculated as the ratio of Freuadlich X/
fraction of organic C in soil. If soil organic C is equally
effective in sorbing aromatic amines (Lambert, 1968;
Brown and Flagg, 1981; Hassett et al., 1981), normal-
ization of sorption constants (K) for organic C content
should yield nearly constant Ko values.

The Freundlich sorption isotherms for benzidine were
nonlinear as shown by a mean 1/n value of 0.768. The
values obtained are similar to the mean 1/n of 0.515 for
benzidine sorption by soils and sediments (Zierath et al.,
1980). Values of X for benzidine sorption ranged from
7.6 x 10° to 2.1 x 10°. Equilibrium Koc values for
benzidine ranged from 227 x 10° to 882 x 10’ (Table
6). Even though the sorption of benzidine is correlated
with organic C, the strength of the sorption as inferred
from K¢ is greater than can be accounted for by hydro-
phobic sorption (Means et al., 1982). Based on the pH
of the soil solutions (pH 4.8 to 6.0) and the pKa’s of
benzidine (PKa = 3.57 and 4.66), benzidine was largely

4

LOG X/M {ymeles kg )
“ 4

»
a

2

1 1:. 3 1:. 3
LOG C (ymoles L )
Fig. 5. Serption isotherms for p-toluidine retention by solls.
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Table 8. Freundlich sorption constants and K¢ vslues for
retention of benzidine, -naphthylamine, and

p-toluidine by soils.
Equilibrium -———-——l Correiation
Soil pH K lin coefficient i Koc
Beazidine
Ruseell 5.1 8110 0.834 0.962 882 x 10*
Chalmers 4.8 9 460 0.842 0.950 483 x 10*
Kokomo 5.5 7 600 0.791 0.995 227 x 10?
Milford 8.0 21 000 0.604 0.965 808 x 10°
orpapbthylamine
Morocco 3.9 49.7 0.704 0.998 2688
Oakville 4.2 343 0.717 0.998 3173
Milford 5.9 98.2 0.714 0.998 31
Jaidi
Morocco 4.0 597 1.082 0.999 a2
Oukville 4.3 538 1.081 0.999 496
Milford 59 1321 0992 0.999 508
t Freundlich molar and correlation coefficients for
benzidine determined from log z/m (nmol kg ") plotted aguinst log C
{nmol L), a-naphthylamine and p- from log x/m
{umol kg) plotted aguinst log C (umol L.

present as the neutral species in the soils studied. Some
sorption of cationic benzidine could have occurred, but
it is likely that benzidine present as a neutral species was
adsorbed to organic matter through hydrophobic
bonding (Zierath et al., 1980).

Small amounts (< 1%) of sorbed benzidine were de-

' sorbed with 0.01 M Ca(NO,), over the range of concen-

trations and soils studied (data not presented). Benzi-
dine is tightly bound by soil constituents within a short
period of time. The irreversible binding could result
from several reactions including exchange of benzidine
with an adsorbed inorganic cation on montmorillonite
(Lahav and Raziel, 1971), adsorption and oxidation of
benzidine following interaction with clay minerals
(Tennakoon et al., 1974) and covalent bonding with soil
organic C (Parris, 1980; Bollag et al., 1983).

The Freundlich sorption isotherms for a-
naphthylamine were nonlinear as indicated by an
average 1/n value of 0.712 with X values ranging from
34.3 t0 98.2. The pH of the soil solution and the pKa for
a-naphthylamine (pKa = 3.92) indicate that a-
naphthylamine was present as a neutral species in most
soil systems, and thus sorption was likely the result of
hydrophobic interactions with the organic component
of soils. .

Desorption of a-naphthylamine from the Morocco,
Oakville, and Milford soils ranged from 7 to 21%, 9 to
27%, and 1 to 18%, respectively, and the proportion de-
sorbed always increased as the amount sorbed in-
creased. These data suggest a-naphthylamine is retained
through both cation exchange reaction with clays and
organic matter in acid soils and through physiochemical
reactions with organic matter at near neutral pH.
Furthermore, a significant percentage of the sorbed
amine can be readily released into the soil solution and
subjected to decomposition. - '

Sorption isotherms for p-toluidine were linear with
1/n values approaching unity (Fig. 5) while K values
ranged from 4.77 to 13.21. The X values were correlated
with clay content {r = 0.997). The calculated Koc values

S8 J.Esviron. Qual,, Vol. 15, no. 1, 1986

ranged from 323 to 508. Since the pKa for p-toluidine is
~ 5.08, appreciable concentrations of protonated and
neutral species will be present in the Morocco, Oakviile,
and Milford soils, suggesting that a large proportion of
p-toluidine was retained by clay minerals and organic
matter through cation exchange. Desorption of sorbed
p-toluidine was a relatively constant fraction of sorbed
p-toluidine in all soils varying from 11.3 to 15.8%.
These data suggest that p-toluidine is likely held as an

exchangeabie ion by the clay and organic fraction of
soils.

SUMMARY

The resuits obtained from this study indicate that
benzidine, a-naphthylamine, and p-toluidine are slowly
degraded in soils as shown by CO, evolution. Chemical
hydrolysis may aiso play a role in benzidine decomposi-
tion because sterile sojls had 21%s of the decomposition
observed under nonsterile conditions.

Soil environmental conditions had only a limited
effect on the decomposition of aromatic amines.
Modifying soil environmental conditions such as water
potential, temperature, or addition of metabolizable or-
ganic substrates will not markedly affect the short-term
rate of amine degradation to CO, in soils. Sorption ex-
periments indicated that benzidine was strongly retained
by all soils studied and that minimal amounts of sorbed
benzidine were desorbed by a neutral salt. In contrast,
both a-naphthylamine and p-toluidine were not only
less tightly bound but also more desorbable than
benzidine. It is suggested that one factor responsible for
differing rates of degradation in a range of soils is re-

- lated to the extent and strength of sorption.

REFERENCES

Bollag, J.-M., R. D. Minard, and S..Y. Liu. 1983. Cross-linkage be-
tween anilines and phenolic humus constituents. Environ. Sci.
Technol. 17:72-80.

Brown, D. S., and E. W. Flagg. 1981. Empirical prediction of organic
g:éluum sorption in natural sediments. J. Environ. Qual. 10:382-

Bundy, L. G., and . M. Bremner. 1972, A simple titrimetric method
for determination of inorganic carbon in soils. Soil Scd. Soc. Am.
Proc. 36:273-275.

Cheng, H. H., and F. O. Farrow. 1976. Determinstion of '*C-labeled
pesticides in soils by a dry combustion technique. Soil Sci. Soc.
Am. J. 40:148-150.

Gibson, D. T., and V, Subramanian. 1984. Microbial degradation of
aromatic hydrocarbons. p. 181-252. In D. T. Gibson (ed.)
Microbial degradation of aromatic compounds. Marcel Dekker,
New York.

Golab, T., W. A, Althaus, and H. L. Wocten. 1979, Fate of [**C] tri-
fluralin in soil. J. Agric. Food Chem. 27:163-179.

Haley, T. J. 1975. Benzidine revisited: A review of the literature and
problems associated with the use of benzidine and its congeners.
Clin. Toxicol. 8:13-42. .

Hlss;eu. ). J.r. W. L. Banwart, S. G. Wood, and ;.'hechnrun;h;:t“

rption of a-napthol: implications concerning imits o! 0-
phobic sorption. Soil Sci. . Am. J. 45:38-42,
Hauser, E. A,, and M. B. Leggett. 1940

. Color reactions between
ciays and amines. J. Am. Chem. Soc. 62:i811-1814.

~ Hsu, T. S., and R. Bartha. 1973. Interaction of pesticide-derived

:l;lzcrolmhne residues with soil organic matter. Soil Sci. 116:444~

Hsu, T. S., and R. Bartha. 1974. Biodegradation of chioroaniline-
g%nus compiexes in so0il and in culture solution. Soil Sci. 118:213-

Lalm;. N., and S. Raziel. 1971. Interaction between montmorillonite

AR306490

-

17

K

.
2N

R AL T L

)

prt

et

Lo
o
hed




A I et

EEE IR PR R

PRIV Sowey § IV LVTE T PERTY

i FiLNERIONIYEANT LHOTULGCD ILMLILSHOU AW aas. 3l v

T
s——
Ry LTy

-
2

[ AV

-
't

(LYY

- e

- g

U

and benzidine in aqueous solution: 1. Adsorption of benzidine on
Mmodllomte Israel J. Chem. 9:683-689.

Lambert, S. M. 1968, Omega (), a useful index of soil sorption
chhbtu J. Agric. Food Chem. 16:340-34;

 La, P-Y., R. L, Metcalf, N. lener.mdD Mandel. 1977. The en-
wbmogens

momnenm fate of three Benzo-(a)-pyrene, benzidine,
and vinyl chloride évaluated indaboratory model ecosystems. Arch.
Environ. Contam. Toxicol. 6:129a142,

McClung, N. M, 1974, Family V1. Nocerdieces. p. 726-746. In R. E.
Buchanan et al. (ed.) Bergey's manual of determinative bacteri-
ology. The Williams & Wilkins Co., Baitimore, MD.

Mans, J. C,, SGWooleHM:ndWLBu\m 1982,
Sorption of amino- and carboxy-substituted polynuciear aromatic
hydrocarbons by sediments and soils. Eaviron. Sci. Technol. 16:

93.98.

Medvedev, V. A., and V. D. Davydov. 1972. Transformations of in-
dividual mmcproducuofeokechanmmchemozun
Pochvovedenie 11:22-28

Meyer, B. S., and D, B. Andenon 1963 Plant physiology, 2nd Ed.
D. Van Nostrand Co., Inc., New York

Miekle, R. W., C. R. Younpon R.T Hedlnnd. AL Gonnz
J. W. Hamaker, and W. W. Addington. | 973. Measurement and
m?nofmdmmmrmm Weed Sci. 21:

Parker, L. W., and K. G. Doxtader. 1983, Kinetics of the microbial

jion of 2,4-D in s0il: Effects of temperature and moisture.

i B . Qual. 12:553-358.

Nitrogen Transformations in a Poultry Manure Amey
Temperature and Moisture Effects’

J. T.SIMS!

ABSTRACT

Efficient agrenomic massgemest of pouitry manure requires la-
fermation on its coatribution (o the N budget of the soli-crep system.
Of primary lmporiance i this regerd is the timing of N mineraliza-
Son from the erganic fraction of the masure. As mssure applications
are frequently made year round, it s siso emsential {0 anderstand how
envireumentsl varistions will alter the rate and extent of N miseraiizs-
tisn. Consequently, 3 laborntery study was conducted for 150 d to
mengure the effects of tempersture snd melsture oa net N mineralizs-
ton frem three pouitry memwres. Each manure sample was in-
corporated with sn Eveshore loamy sead (mesic, coated typic
Quartzipsamments) snd changes ln soll Inerganic N (NH:-N and NOs-
N) sad pH were determined ot 30, 99, sad 190 4. AMheugh varigtions
wers noted betwees manure types, mest of the net mimersiizstion
(Ng) obeerved st 25 °C sud 49 °C occurred withia the first 90
Missralizetion was reduced st 9 °C but, by the conciusion of
study, considersbie accamulations of inergasic N (18-76 mg/kg) srere
detocted at this temperature. Thirty to 0% of the organic N B
the soll in masures 1 sad 3 was minersiized, when meoisture,
lmitiag. Incousisient mineraiization patierns obtalned
were sttributed to microbial immebliization of N.
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98¢ Niuocen transformations in a poultry manure
: Tém and moisture effects. J. Environ. Qual.

a (Delaware-Maryland-Virginia) peninsu-
la is gfie of the most concentrated areas of poultry pro-
duction in the USA. In the state of Delaware alone, ap-
imately 245 x 10* kg of poultry manure are gener-

ed annually. This manure is used primarily as & ferti-
1zer material for the 50 000 ha of corn and small grains
grown in the southern-most county of the state. Much
of this grain is produced on deep, casily leached, sandy
soils. Consequently, agricultural utilization of poultry
manure must be tempered with an awareness of the po-
tential environmental problems associated with nitrate
contamination of groundwater. Recent reports of such
contamination (12, 20) prompted this investigation into
improved nitrogen (N) management of pouitry manure.
Efficient management of pouitry manure as a N
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
suppliement poultry manure with fertilizer N must know
when the manure N will be available in order to maxi-
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l Si:P ratios >1000. Thus, special care must be exercised to
i avoid a silica bias.

More recently, P determinations by using popular “Hach
Kits” have yielded soluble phosphate estimates an order of
magnitude higher than accurate total-P estimates in the same
uncontaminated cold spring water (Stauffer, unpublished).
In the total-P determination a silica bias failed to develop
z “ because of retained acidity from the persulfate digestion step.

it This carried over into the colorimetric step and raised the
H*:Mo ratio; the lower ratio in the soluble-P determination
allowed the development of a silica bias in that silica-rich
groundwater.

Elsewhere, P determinations for bot spring drainage waters
in Yellowstone National Park published prior to 1979 were
biased by up to 3 orders of magnitude (11, 12). Phosphate-P
concentrations in silica-rich lake water and groundwaters of
East Africa have been reported (15, 16, 28, 29) ranging up
50 mg L' P. However, some of these estimates have not beé
substantisted by radio-tracer methods (30). Until fup

caution.

of the draft manuscript. This paper is ddi
statistician G. E. P. Box.

from Aqueous Solution

J. R. Kaczvineky, Jr., Koichi Saltoh, and James S. Fritz*

A macroreticular poly(styrene—divinylbenzene) cation-ex-
change resin is prepared. An aqeous sampie ls passed
through a column of this reein In the H* form and organic
bases are taken up as cations. Washings with methanol and
ethyl ether remove sorbed neutral and acidic compounds.
Ammonia gas is Introduced inlo the column prior 1o elution of
the basic organics with elther methanol or ethyl ether con-
taining ammonia. The eluats is concentrated by evaporation,
and the concentrated sample Is analyzed by gas chromatog-
raphy. Over 50 organic bases are recovered from water st
1 ppm and 50 ppb leveis. Recoveries of over 85% are
for most of the compounds studied with al ieast one

the eluenis. The reein procedure shows improved re-
coveries and reproduchiiity over a simple ether exiraction
procedurs. Real samples of river water, shale process waler,
and supernatant from an agriculhural chemical disposal pit are
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Cation-Exchange Concentration of Basic Organic Compounds

Ames Laboratory and Departrment of Chernistry, Jowa State University, Ames, Iowa 50011

The analysis of complex aqueous mixtures of trace organic
compounds usually involves preliminary isolation and con-
centration steps (1-6). Any preliminary separation should
be selective, while minimizing enalyte loes. This separation
may consist, entirely or in part, of a division of the compounds
of interest into one of several general ciasses (3, 4). This
classification is usually besed on a particular compound
characteristic, such as hydrophobicity or acidity. A precon-
centration step is often necessary to permit direct analysis
by conventional methods without appreciable loss of sensitivity
{5, 6). The transfer of the analytes from squeous solution to
an organic solvent also facilitates the use of several common
analytical techniques, such as gas chromatography. An ideal
preparative method for organics in squecus solution would
combine these processes (isolation, concentration, transfer)
into a single step.

Many techniques have been developed to simultaneously
fractionate and concentrate organics from aqueous solution.

T it 1) o Gk A

— - ———— P g, ST

5 yf\:‘{‘-‘%”" o

P L K N

- oa



- " .
Y N TS,
A bt d e AL 04 i & IS

s

Solvent extraction has been used extensively for various types
of organics (7-9). However, such procedures can be tedious,
especially if & large aqueous sample is to be extracted with
a small amount of organic solvent. In addition, the distri-
pution coefficient of the analyte is not always favorable. Some
compounds, especially those exhibiting a significant degree
of hydrophilicity, may not extract well.

Methods such as headspace analysis (9, 10), gas stripping
(11-13), and distillation (14, 15), can aiso be used to isolate
and concentrate aqueous organics. These methods are, how-
ever, generally restricted to volatile, low moleclar weight
compounds.

The sorption of organics on a solid matrix is aiso an effective
concentration technique. Activated carbon (16, 17), porous
polymers (18), and other materials (19-21) have been used
as sorbents. While activated carbon is a common sorbent, it
is often difficult to remove the sorbed organics from the carbon
matriz. The effectiveness of macrorsticular poly(styrene—
divinylbenzene) resins for sorbing organic compounds from
aqueous solutions has been demonstrated (3, 22-24).

Richard and Fritz (25) developed an excellent method for
the isolation and concentration of organic acids and acid
anions from aqueous samples. The organic anions are retained
on a smail column containing macroporous anion-exchange
resin. After sorbed neutral organics are washed off of the resin,
the anions are converted to the molecular form and eluted
from the column with HCI gas in ethyl ether.

Now, a similar scheme employing a cation-exchange resin
is used to isolate besic organic compounds from aqueous
samples. The sorption of organic bases by cation-exchange
resins is well documentad (26-30). A cation-exchange method
has been used to concentrate pyridines from beers and worts
(31). In the present work a macroporous cation exchanger
in the hydrogen form is used to retain organic bases ss cations
from aqueous samples. Neutral organic compounds that might
be sorbed by the resin are removed by washing with methanol
and ethyl ether. The protonated bases are then converted
to their free base forms by passing ammonia gas through the
column and are eluted with either ammonis-saturated
methanol or ammonia-saturated ethyl ether. After careful
svaporation, the individual bases are separated by gas chro-
matography.

EXPERIMENTAL SECTION

Catien-Exchange Resin. A cation-exchange resin wes pre-
pared from the macrorsticular poly(styrene-divinylbenzene) co-
polymer XAD-4 (Rohm & Haas, Philadelphia, PA). The resin
was ground and dry sieved. The 80~100 mesh fraction was re-
tained and sequentially Soxhlet extracted with methanol, tetrs-
hydrofuran, acstonitrile, acetone, and sthyl ether for 10 h each.
The purified resin was then dried overnight at 50 *C.

The XAD-4 resin was suifonated by adding a 10-g sample of
resin to 200 mL of concentrated (96% ) sulfuric acid and 100 mg
of AgsSO, that had been heated to 110 °C. The reaction mixture
was stirred for 2.5 h and then allowed to cool to room temperatasre.
When cool, the reaction was quenched by pouring the reaction
mixture into 2 L of distilled water with ice. After quenching, the
resin was filtered off and placed in a 15 cm X 8 mm id. Pyrex
column with a stopeock at the bottom. The resin was flushed
with 2 N H,SO, until the effiuent was free of Ag* ions. The
sulfonated resin was removed from the column and Soxhlet ex-
tractad for 10 h each with methanol, acetonitrile, and ethyl sther.
The resin was returned to the column and alternataly
from the H* to the Na* form several times with 2 N NaOH and
2 N HCL Finally, the resin, in the H* form, was washed with 100
ml each of distilled water, methanol, and acetone, and dried
overnight at 50 *C,

The capacity of the sulfonated XAD-4, as detarmined by direct
and indirect titration, was 2.86 mequiv/g.

Concentration Apparstus. The columns, reservoirs, and
three-plate Snyder distillation columns used are described alse-
whars (3. 22). The eslumn dimensions were 15 em X 8 mm id..
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and the reservoirs were of 250 mL and 1 L capacity. Concentration
flasiks used were those described by Junk et al (22), and were of
100 mL capacity.

The inner surfaces of all reservoirs were desctivated (to min-

imize sdsorption of analyte compounds on the gisss) bytr-t.me
with a 5% (v/v) solution of dimethyldichlorosilane in toluen!

Desctivation of the columns or the concentration flasks was not
performed.

Ges Chromatography. The recovery studies were performed
with a Tracor 550 gas chromatograph, with both packed and
capillary columns, using an FID detactor. The packed columns
used for most of the recovery studies were 2 m X 4 mm i.d. glam
columns packed with 10% Carbowax 20M /2% KOH oan 80~100
mesh Chromasorb W AW. Several high-boiling basic compounds
and most of the neutral compounds were separated by using the
same columns packsd with 3% OV-17 on 100-120 mesh Supel-
coport. Capillary columns were fused silica, 30 m X 0.25 mm id.,
coated with SE-54. Analysis of the natural samples was performed
on a Hewlett-Packard 5794A gas chromatograph using a 27 m X
0.25 mm fused silica capillary column with a thick film (1.0 um)
of the bonded stationary phase, DB-5.

RmtllndChmiall. All golvents excapt methanol were

reagent grade. Msthanol was “distilled-in-glass” grade from

Bmdx&de.ehon(Mukqm.hﬂ) All solvents except ethyl
sther were used as recsived. The ethyl ether used in the elution
procadure was specially purified by sequential extraction with
mmthvdumenchdlMNn}ISO,umudmm
NaCl satursted 1 N NaOH, NaCL saturated 1 N HSO,, and
finally twice with saturated NaCl solution. The washed ethyl sther
was then distilled from CaH; and molecular sieves just prioe to
mm’ of the salvent was checked periodically by blank

ammonia gas had a purity rating of 99.99% and

in lecture bottles from Matheson (Joliet, IL). All
mmmmmam Model
and other reagents were used without further purification.

Watar used in the recovery studies was purified by
thmghamulﬁbodptmﬁahoulyuemmufuumdby&m

stead (Boston, MA).

Cation-Exchange Procedure. Allow a 2.45-g resin sample
(total capacity 7 mequiv) to stand in pure water for 2 h and then
add resin slurry to a column plugged with silanized glass wool.
Add the aqueous sample to the column from a reservoir sttached
to the top of the column by using a gravity flow rats of approz-
imatsly 3 mL/min. After sample passage is complete, rinse the
reservoir twice with 20 mL of water and allow each washing to
entar the column and drain—Blow out the column briefly with
& gontle stream of air. Reattach the reservoir, rinse the walls with
10 mL of methanol, and allow the methanol to completely fill the
column. Cap the column and shake to remove entrapped air.
Allow the methanol level to drain to the top of the resin bed and
then elute the column with a second 10-mL portion of methanol.
Gently blow out the methanal from the column with a stream of
air. Without reattaching the reservoir repeat the washing pro-
cedure with a 10-mL portion of sthy! sther, followed by 2 15-ml,
portion.

Placs & concentration flask beneath the column and blow out
the residual ether with & slow stream of ammonia gas. Continue
pessing ammonia gas until about the top 90% of the column has
become lighter brown in color, indicating conversion of the resin
sites from H* to NH,*. Stop the ammonia gas flow and add 10
mL of eluent saturated with ammonia gas to the column. (This
is prepared by bubbling ammonia through cooled solvent for about
10 min.) When the liquid level reaches the top of the resin bed,
add a second 10-mL portion of NH, sluent, cap the column, and
shaks gently to remove entrapped air. Pass the remaining solution
plus a final 20-mL portion of NH, eluent through the
Concentrats the 40 mL of effluent to approzimately 1 ml
cording to the procedure used by Junk et al. (22). Use a
of the final 1 mL concentrata for gas chromatographic analysis

of the individual umpln bases.

Roegenerats the resin column immediately after elution by
sequential washing with 30 mL of NH, siuent, 50 mL of pure
watar, SOdeSMhydrochhmac\d.mdwOmLoﬂMmlfunc
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Procedure for Recovery Studies. To prepare samples of
known solute concentration for recovery studies, add the desired
amount of water to the reservoir and then add a calculated amount
of . standard solution from a syringe to produce a water sample

he desired final concentration. Swirl to mix the solution. Carry
plked sample through the cation-exchange concentration,
ration, and gas chromatographic steps as outlined above.
te the percentage recovery by comparing the peak haights
{or peak aress) of the spiked water sample with those obtained
by adding the same volume of standard solution to 1 mL of the
eluting solvent and chromatographing directly. All chromato-
graphic peaks were normalized to an internal standard.

Solvent Extraction Procedure. Extract an aqueous sample,
spiked with known concentrations of model organic compounds,
with four 10-mL aliquots of purified ethyl ether. Discard the
squeous layer and remove the last traces of water from the
combined extracts by freezing in a bath of liquid nitrogen.
Transfer the 40-mL extract to a concentration flask, concentrate
as in the resin procedure, and calculate the percentage recoveries
after separation by gas ehromtognphy

Rul Samples. To prepare river water samples, ﬁlur 2-L

samples as soon as poasible after collection. Loed columns with
5 g of resin, and allow gravity fesd. Wash with 50 mL each (2
X 25 mL) of methanol and ethyl sther to ensure complets removal
of neutrals. For the remaining procedure, follow that used for
the model compounds recovery study. After GC/MS analvuis of
the 1 mL concentrated sample, reduce the volume further to 0.1
mL with & stream of dry helium, and rechromatograph to enhance
peaks of minor components.

Use the same procedure for disposal pit sample, but filter &
300-mL aliquot though a Calite cake (0.5 cxn depth) and fine-grade
glass frit. Dilute this with 700 mL of pure water for a 1 L total
sample. Reduce this sample also 0.1 mL after GC/MS analysis

matograph.
iculates were present. Dilute a 50-mL sample with 50 mL
water and run through the same procedure as that for
ibe previous real samples.

RESULTS AND DISCUSSION

Development of Method. The general scheme for the

islective concentration and determination of basic organic
ompounds in aqueous samples is as follows. A messured
volume of the aqueous sample is passed through a small
column filled with a special cation-exchange resin in the hy-
rogen form. Basic compounds take up a proton and are
stained by the ion exchanger as a protonated amine cation.
Many peutral organic compounds are also taken up by the
jon-exchange resin by sorptive effects, but these are removed
.y washing the resin column with methanol and then with
thyl ether. Next, the interstitial solvent is blown out and
ammonia gas is passed through the column to neutralize the
hydrogen ions of the ion exchanger and partially convert the
“rganic amine cations to the fres, molecular bases. The organic
“ases are then eluted from the column with an organic solvent
saturated with ammonia gas. The effluent is carefully evap-
~rated almost to dryness and a portion is injectsd into a
ipillary-column gas chromatograph in order to separate the
~dividual sample componenta.

Inmvmmkmvhuﬁmm-exdummnmmed
*n selectively retain anions of organic acids, quaternized

\AD-4 was found to work much better than the other resins

i . Gel-type resins and commercial macroporous resing
d to partially disintegrate after repested swelling
_ in the columns used. Because of this experience,

anon-exchnnge resin used in the present work was pre-
pared by sulfonating XAD-4. Sulfonation is very easy to

perform and the resuiting ion-exchange resin hes narfarmad. .

sll in all respects.
In the washing step, methanol removes
from the column and elutes (at least in part) neutral organic

compounds sorbed by the resin. The subsequent wash with
ethyl ether completes the elution of neutral organics and
washes out the residual methanol.

At first, only solvent (ethyl ether or methanol) saturated
with ammonia gas was used to convert the sample cations to
neutral species and elute them from the column. However,
it quickly became apparent that this procedure was not
sufficiently reproducible. It is difficult to prepare reproducible
solutions of ammonia in either solvent. Elution of sample
components varies considerably from one run to another unless
a large colume of the eluent is used. However, a large volume
of eluent necessitates a longer time for evaporation and the
blank is also increased. The prior addition of ammonia gas
to the column, followed by elution of sample compounds with
s rather small volume of ammonia in solvent nicely avoids the
difficuities mentioned sbove. Neutralization of the hydrogen
ion function of the exchanger with ammonia gas is followed
essily by a change in color of the resin column.

When this research was begun, only packed chromato-
graphic columns or coated glass capillaries were available for
the gas chromatographic separation of various sample bases.
This severely limited the chromatographic resolution that
could be attsined. However, the fused silica GC column with
a chemically bonded stationary phase provided essy separstion
and excellent resolution of most base mixtures.

Recovery Studies. Recoveries for 8 wide variety of model
organic compounds by the cation-exchange procedure are
presented in Table L The recovery for esch compound was
determined at the 1 ppm and 50 ppb concentration levels from
100-mL and 1-L samples, respectively. The fcllowing con-
clusions seem justified:

Virtually all of the basic compounds tested give good to
excellent recoveries with at least one of the eluents. Indole
and carbazole do contain nitrogen but they are hardly basic
at all and therefore give close to zero percentage recoveries.
Dlphlnyhmmeuahoamymkh-emdmghtbeupecud
to give a low recovery.

Several basic compounds give significantly higher recoveries
when ammonia in methanol is used as the eluent. This is a
consequencs of the higher solubility of ammonia in methanol
and parhaps of the better salvating properties of methanol,
compared with ethyl sther. Distilled-in-glass methanol is
available which requires no further purification, while ether
must be further purified befors use. However, the greater
volatility of ethyl ether and ita superior properties as & solvent
for GC samples make it the eluent of choice for those com-
pounds whare the recovery is satisfactory.

The lower recoveries of some aliphatic amines and o-
phenylenediamine are due at least partially to losses during
the concentration and evaporation step. Spiked 40-mL sam-
ples of sthyl ether showed significant losses of n-hexylamine,
n-octylamine, and o-phenylenediamine when concentrated to
1 mL with a Snyder column, It is possible that lonses of some
aliphatic amines could occur by irreversible adsorption on
active sites of glass columns and concentration vessels. The
improved recoveries with ammonia in methanol support this
hypothesis because adsorption would be reduced in the more
polar solvent.

The selectivity of the cation-exchange concentration for
basic compounds was checked by running several neutral
mpmcenmpotmdnh:wghthopmcedm With either eluent,
the recoveries of sthylbenzene, o-dichlorobenzene, indene,
napthalene, methyl benzoate, and diethyl phthalate were
essentially zero at 1 ppm initial concentration. In addition,
acstal, hexanal, bromoform, n-decane, mesitylene, and 2-
othyi-1-hexanol gave zero percent recoveries at 1 ppm using
the NH, ether sluent. This sslectivty is probably a conse-
quencs of the washing step because at least some neutral

?
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Table I. Recovery of Basic Compounds from Aqueous Samples by the Cation-Exchange Method®

recovery, %
NH,-ether NH,-ether NH,-CH, OH NH,-CH,0H
compound 50’ ppb? 1 ppm¢ 50 ppb 1 ppm¢
Aliphatic Amines
hexylamine 34 46 80 85
cyciohexylamine 35 47 79 84
octylamine 38 45 80 91
2-ethylhexylamine 34 48 72 98
diallylamine 84 86 88 86
dipropylamine 33 83 87
dibutyiamine 89 83 99 99
dihexylamine ' 90 86 84 95
N-methyleyclohexylamine 91 91 99 97
dicyclohexylamine 84 88 86 95
triallylamine 88 88 89 91
tributylamine 89 93 91 96
Aromatic Amines
aniline ' 88 90 95 95
o-toluidine 88 87 88 96
m-toluidine 87 99 89 99
o-chloroeniline 83 86 82 97
p-chloroaniline 84 92 83 97
2,6-dichloroaniline 656 92 79 92
N-methylaniline 90 . 90 98 98
N, Ndimethylaniline 86 88 99 99
N, N-diethylaniline 91 89 96 97
diphenylamine 10 16 46 48
1-naphthylamine 80 74 80 81
o-phenylenediamine 35 69 39 7
Heteracyclic Compounds .

pyrrolidine <3 6 65 n
piperidine 6 17 938 93
morpholine 46 67 29 98
N-methyimorpholine 93 29 92 929
piperazine <3 4 86 92
imidazole <3 10 91 100
3-methylpyrazole 44 8. 87 97
3,5dimethylpyrazole 45 78 91 97
indole 0 0 0 0
carbazole <3 4 <3 4
pyridine 76 87 95. 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 9%
2,6-lutidine 98 98 98 97
2,4,6-trimethylpyridine 90 88 100 100
2-aminopyridine 40 60 89 99
2,2'-bipyridyl . 86 100 90 . 100
quinoline 90 97 99 99
isoquinoline 87 100 99 100
quinaldine : 88 87 97 97
2,6-dimethylquinoline 90 90 97 98
acridine 90 90 88 89
benzo([h Jquinoline 90 921 95 96
benzo{/]quinoline 92 93 98 98
2-methylpyrazine 83 88 93 96
quinoxaline 77 76 99 94
2,3-dimethylquinoxaline 84 85 90 95

e Column is 90 x 8 mm filled with suilfonated XRD-4; total apacxty is 7 mequiv. All recoveries are an average of four

runs. °1 L sample. €100 mL sample.

organic compounds are known to be taken up on the ion-ex-
change resin. Dichlorobenzene was detected in the concen-
trated methanol wash during the analysis of a mixture of
dichlorobenzene and several organic bases.

Soivent Extraction Studies. For several model com-
pounds, a spiked aqueous sample was extracted four times
with ethyl ether. The combined extracts were evaporated and
the solutes separated by gas chromatography. The recoveries
of these model compounds are compared with recoveries ob-

tained by the ion-exchange procedure in Table II. A higher
racovery (and better precision) was cbtained in every
the ion-exchange method except for indole, which is reall
besic and should give zero recovery in the ion-exchange p
cedure. mbwmydmﬂmhemndbeduotombxgh
polarity {in the solvent exfncuoo me’
evaporation.

Analysis of Real Samples. Gencrauy, tne amount and
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 73:4 93 = 4
2.4,6-trimethylpyridine 72:6 88 :1
dihexylamine 64 : 5 86:1
N, N-diethylaniline 656+ 8 89:3
N-methylaniline 787 90+ 4
o-toluidine 81:=7 87=+2
2-aminopyridine 122 60 2
quinoline 83:6 97+ 3
isoquinoline 79:9 100:3
imidazole 2:+3 10+ 4
2,5-dichloroaniline 78:8 92:5
indole 76+ 12 0:0

¢ All at 1 ppm in 100 mL of solution.

TIME =

Figure 1. FID chromatogram of compounds isolated from an

agri-
cultural chemical disposal pitt sample concentrated 3000-fold; GC
conditions, 27 m X 0.25 mm Ld. fused siica capliary, 1 um DB8-5; held
at 50 °C for 4 min and then programmed at § *C/min to 250 *C and

heid for 10 min; injection volume was 2 ulL spit 100:1, with hellum -

carrier gas. Compounds identified were (1) N N-dimethyicycichexyt
amine, (2) acetophenone, (3) Dichicbend, (4) 1-naphthylamine, (S5)
Simazine, (8) Arazine, (7) Tristazine, and (8) Diphenamid. An asterisk
indicates compounds not confirmed by retention time matching.

are much less than for acids or neutrals (32). Basic material
may be adsorbed on particulate matter in the water or asso-
ciated with the humic and fulvic acids usually present. In
addition, there are fewer natural sources of besic materials,
s0 the presence of organic bases in & natural water system can
usually be attributed to an outside source. As an example,
the recent discovery of aromatic amines in the Buffalo River
was attributed to the effluent from a nearby dye manufac-
turing plant (33).

Our analyses of water samples from the Skunk River (IA)
and the Delaware River (PA) also showed little basic material
The chromatogram of the Delaware River extract showed
three amall peaks, two of which were tentatively identified
as pyrazole and a methylsthylpyridine isomer by GC/MS
analysis. The third peak was unidentified. Nicotine was the
only compound identified by GC/MS in the Skunk River
sample. A second 2-L aliquot of the same sample again
showed the presence of nicotine, and some benzo[h]quinocline.
A third aliquot was analyzed to check for these compounds,
but only nicotine was found. Several other amall peaks seen
in the chromatograms remain unidentified. While s quan-
titative analysis was not performed, a rough estimate of the
nicotine concentration would be below 50 ppb.

The gas chromatogram of compounds isolated from a sam-
pie of supernatant water from an sgricultural chemical disposal
pitaﬁummﬁonbytheion-exchmgepmdmhlhown
in Figure 1. Many of the compounds present have been
identified, at least tentatively, by GC/MS analysis. The
compounds identified are the following: 1-naphthylamine,
Simazine, Atrazine, Dichlobenil, Diphenamid, N.N-di-
methylcyclohexylamine, and Trietazine. All but the last two
haveboenconﬁmedbymtchm;ntenuonnmamththau

of authentic samplss. In addition, mwg&ﬁﬁ@a@
tified, which of course contains no ni er

TIME—

Figurs 2. FID chromatogram of basic matecial isolated from shale ol
process watar. GC conditions are the same as those given in Figure
1. Compounds identified by GC/MS and confirmed by retention time
matching are (1) pyridine, {2) 2-picciine, (3) 4-picoline, (4) 2,6-Rtidine.
{5) 2,4-uticine, (6) anline, (7) 2,4,6-Fimethyipyridne, and (8) isoguinoine.

Table III. Compounds Found in Shale Oil

Process Water
conen
(av of 2 runs),

compound pPpm

4-picoline 5.2
2,4-lutidine 17.0
2,8-lutidine 2.9
2,4,6-trimethyipyridine 17.6

aniline 1.6
isoquinoline 1.3

Dichlobenil (chemica! name is 2,6-dichlorocyanobenzene) -

contains only cyano nitrogen. The herbicide Diphenamid
(chemical name, N N-dimethyl-2,2-diphenylacetamide) con-
tains only the very weakly basic amide group. The reason for
obtaining chromatographic peaks of these three compounds
is not entirely clear. Perhaps there is some interaction with
the sulfonate group of the cation exchanger or else the solvents
used in the washing step failed to remove these compounds
from the resin.

A sample of shiale oil process water was carried through the
jon-exchange concentration scheme with subsequent GC
analysis. The chromatogram, shown in Figure 2, contained
over 60 peaks. Combined GC/MS analysis indicated that
most of the peaks were substituted pyridines, anilines, and
quinoline isomers. The identification of several compounds
was confirmed by matching retention times with the known
compounds. A partial list of the compounds identified is given
in Table II. The concentrations were estimatad by standard
means, using triallylamine as the internal standard.
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effectively because of its high semaitivity. An inherent problem
associated with neutron activation of the water samples is
finding a preconcentration method by which neutron irra-
diation and measurement become feasible. Therefore, it is
desirable that the concentration of a number of trace elements
be made at the same time by a one-step procedure.

To meet these requirements, attempts have been made to
synthesize cellulose-based polymers containing the dithio-
carboxylate group which forms chelates with a relatively wide
variety of metal ions.

Cellulose powder was treated with tosyl chloride to ob
tosylcellulose, and then treated separately with aniline, 1
zylamine, n-butylamine, and piperazine to obtain four
nocelluloses. These aminocelluloses were then treated with

AR30649 'E.:bon disulfide to furnish the corresponding cellulose di-

boxylates AND, BZD, BUD, and PID.
Comparative studies have been carried out on these four
cellulose dithiocarboxylates in regard to pH dependency of
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and Quinones

George E. Parris

8 The reaction of several ring-substituted anilines with hu-
mate has been studied in aqueous solution. The primary
amines bind to humate in two phases. Initially, a rapid, re-
versible equilibrium is established, which may represent
formation of imine linkages with the humate carbonyls.
Subsequently, there is a slow reaction that is not readily re-
versed. The siow reaction is thought to represent 1,4 addition
to quinone rings followed by tautomerization and oxidation
to give an amino-substituted quinone. The slow reaction is not
likely to be imine formation or other processes that require
primary amines because N-methylaniline, a secondary amine,
also reacts with humate. These processes represent ways in
which aromatic amines may be converted to latent forms with
_undetermined effects on the biosphere.

A number of important pesticides, dyes, explosives, and
other industrial chemicals contain moieties that are converted
to aromatic amines in the environment. Several lines of evi-
dence indicate that aromatic amines become bound to soil
organic matter (e.g., humates) by covalent bonds. Important
questions have been raised concerning the lability of the
amine-humate adduct. In particular, more information is
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Covalent Binding of Aromatic Amines to Humates. 1. Reactions with Carbonyls

Division of Chemical Technology, Food and Drug Administration, Washington, D.C. 20204

needed about the bioavailability of the aromatic amine moiety,
and methods for systematically monitoring these residues are
lacking. In this paper, some variables affecting the rate and
extent of the reactions between aromatic amines and humates
are investigated and discussed in terms of possible modes of
adduct formation.

Hsu and Bartha (1, 2) proposed formation of imines (anils,
Schiff’s bases) to account for the reversible binding of aro-
matic amines to soil organic matter. Imine formation, Reac-
tion 1, is a well-known reaction (3-5). The reaction is very fast
and fully reversible. Water is one of the products of the reac-
tion, and an excess of water tends to drive the equilibrium
back to the amine and carbonyl compound. It is likely that
amines react with carbonyl groups in humate, but it is not
clear where the equilibrium (Reaction 1) lies in aqueous
media.

AINH; + O=CR, = AIN=CR; + H;0 (1)

Cranwell and Haworth (6) and later Hsu and Bartha (1, 7)

proposed reactions that could lead to the incorporation of ’

) into

primary amines (e.g., aromatic laiga@:gi 0 aci
soil organic matter in modes that istant
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to hydrolysis and not readily exchangeable. The first step in
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 vielding aminoquinones (Reactions 2 and 3). The
amino group may react further by essentially the same addi-
tion-tautomerization-oxidation sequence to form a variety
of nitrogen heterocycles (Reaction 4). The nature of the re-
sulting heterocycle will depend upon the reactive sites (R) in
the humate juxtaposed to the aminoquinone.

(0] 0 0 OH
+ H.NR’ _d::. 2
H
R R NHR
tautomerizm I
fast
0 0 0
oxidati H
~2XCaton i (3)
(o) L
R NHR" _ R ) NHKR’

0] 0
internal reactions similar
10 Reactions 2 and 3 N @

R——NR’

R = quinone moiety in humate

As a rule of thumb, progression along this sequence of re-
actions is expected to make the amine moiety more resistant
to removal from the humate. After the addition reaction
{Reaction 2), the amine residue should not be removed from
the humate by simple extraction, but prior to oxidation (and
perhaps even after oxidation in some cases) it might be dis-
placed from the humate by a suitable competing reagent. After
‘oxidation (Reaction 3) and particularly after reaction with
quinone moieties near the site of the initial addition (Reaction
4), the amine moiety probably resists vigorous acid (6) or base
(7) hydrolysis.

It is currently impoasible to prove or disprove the existence
of these or other linkages of amines to humates by direct
spectroscopic means. Indirect support for certain mechanisms
can be obtained by selectively blocking humate functional
groups before attempting binding experiments. Experiments
- with compounds that serve as models of humate functional
groups demonstrate reactions that might occur with humic
matter, but extrapolation of these results to soil organic matter
is speculative. With these facts in mind, we report the resuits
of our experiments on the reaction of aromatic amines with
* humates snd compounds that are models of carbonyl and
quinone functional groups in humates. The working hy-
pothesis that guided the experiments reported here is that the
results pertain to the position and dynamics of Reaction 1 and
the rate of Reaction 2.

Ezperimental

Materials. All chemicals not specifically cited were reagent
a.nlinadinTubloImdlbbrevhtiommedintbctcxtm
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Table |. Gas Chromatographic Retention Times* h el:f:(
cempeund 18l retention roroduct's

me ? [ heorptior

aniline A 0.34 L e
N-methylaniline NMA ' 0.51 £ N
2-totuidine 2MA 0ss M .
3-toluidine IMA 0.55 R ben inje.
4-toluidine 4MA 0.59 - The rea

- 2.chioroaniline 2CA 0.83 S _methy!
4-chioroaniline 4CA 0.84 When the
2-chioronitrobenzene 20N8 1.00 or long pe
2,5-dichloroaniline 250CA 1.49 s 11 th
3,4-dichioroaniline 340CA 2.22 he amin

ruinone i
Burred W‘i‘.‘
: oxidi
O \y r

The inf
) - by colum:

Humate H-1. Commercially prepared sodium humate [jRbction of
(Aldrich Chemical Co., Milwaukee, Wis.) was extracted se- Bhowed o
quentially with acetone and methanol in a Soxhlet apparatus. primary 8
Upon evaporation, the acetone extract yielded s light yellow pcondar:
solid (0.01 g/g of humate). The salid obtained from the kve non
methanol (0.03 g/g of humate) was brown. The black solid phenyl
remaining after these extractions was designated H-1. About products
30% of H-1 was found to be insoluble in distilled water. The 34650, 14
insoluble material appears to be humin. Bsore pre

Humate H-2. Commercial sodium hurnate was suspended EBaffe
in distilled water (10 g/L) in a shallow bowl. After 5 deys the Jaslers
dark liquid was decanted from a gray solid that had settled. eq Ir
The solid obtained by evaporating the dark liquid was ex-
tracted with methanol to remove any organic contaminants
and designated H-2.

Humate H-3. The commercial product was suspended in
0.5 M sodium hydroxide and centrifuged. The liquid was de-
canted and a solid was precipitated by adjusting the pH to 2
with HCL This cycle was repeated three times; the base-sol-
uble solid was then washed with distilled water and freeze-
dried. This product, H-3, is an acid rather than a sodium salt,
and it does not dissolve readily in water until the pH is raised
to about 9. Once dissolved, H-3 will stay in solution at pH
4.

Humate H-RB. Humate H-2 (1.54 g) was treated with 0.2
g of sodium borohydride in 20 mL of pH 9 sodium borate
buffer. Foaming was dispersed with 6 mL of 2-propanol. Aftef
1 h, gas evolution was very slow and an additional 0.1 8 of
NaBH, was added. The reaction mixture was allowed to
for 3 days; it was then taken to dryness and methanol wss
sdded to destroy any remaining borohydride. A control sazmple
of H-2 was carried through the same procedure excluding
addition of NaBH,.

Humate H-RS. Humate H-2 (0.62 g) was treated with 5.0
mL of a dilute HC solution containing 0.437 g of SnClz. Th;
solution was mixed by shaking and allowed to stand for 18 2
before use in binding experiments. A control sample of H-
was similarly treated with dilute HC] not eontlininl.s

Model Compounds. In the course of these studies 34
dimethoxybenzaldehyde (veratraldehyde) and 1,4-ben®®™
quinone were used to model simple aldehyde and quir®®
functional groups that are found in humic matter. Ea

 perkin-Eimer Model 3920, injector 250 °C, column 150 *C isotherms)
detecior imertace 220 °C; column & ft X 4 mm L.d. glass, 10% OV-101 an
80/100 mash Ctvomosard W-HP; helium camier gas, 33 mL/min. ® Solvert pesk
0.68 min; retention time of 2CNB was 4.74 min.
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these compounds was reacted with 4-chloroaniline on 8 ;
parative scale to obtain products that may simulate anil
humate interactions. _ o -
N-(4-Chlorophenyl)-3,4-dimethoxybenzaldehydeimine ",
prepared by dissolving 1.3 g of 4-chloroaniline and 1.7 6
veratraldehyde in 10 mL of methanol. Within 15 mid. T
imine precipitated as white needles. The product ws$
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crystallized 5 times from methanol, and three crops of white
seedles were collected (0.2, 1.0, and 0.5 g, respectively). The
roduct's infrared spectrum showed no N—H and no C=0
bsorptions. The starting aldehyde abeorbs at 1660 cm™!. In
w-oduct, the 1689-1471-cm™~! region where the C==N ab-

1 n is expected is obscured by other bands. This product
; at 83-84 °C. The compound did not decompose to 4CA
_hen injected onto the GC-N/P in anhydrous methanol.

The reaction of p-benzoquinone with ring-substituted and
1/.methylanilines in methanol produced deep red solutions.

Vhen the quinone was in large excess, the solution was stable
,or long periods, but when the molar ratio of amine to quinone
was 1:1 the red solution rapidly produced a brown precipitate.
“he amines used in this study did not react with 1,4-hydro-

uinone in methanol on the time scale at which reaction oc-
qurred with 1,4-benzoquinone. However, as 1,4-hydroquinone
was oxidized by air to 1,4-benzoquinone the solution did

Jowly turn red.

The infrared spectra of the red and brown products isolated
by column chromatography (benzene/silica gel) from the re-
sction of 4-chloroaniline with 1,4-benzoquinone in methanol
. howed only one band for N-H stretching. It is known that

i wimary amines have two N-H bands in their infrared spectra,
econdary amines have only one (8), and imines (RN==CR,)
pave none; therefore, the products appear to be N-(4-chlo-
ophenyl)aminobenzoquinones. In the spectrum of the brown
;1 soducts, the peaks attributable to the 4-chlorophenyl group
{1550, 1460, 1380, 1270, 1080, 1000, 810, and 520 cm™!) were
‘k gore predominant than in the red products.

Buffers. In one set of experiments, commercial aqueous
nffers were used as solvents. Unexpected peaks soon ap-
#5 ] peared in the chromatograms. The commercial buffers contain
35 in (aqueous formaldehyde, 0.05%), which reacts with
o ‘ to form imines. These imines were identified by mass

metry. All the experiments reported here used buffers
.J prepared from reagent chemicals in the laboratory: pH 4 po-
ussium phthalate, pH 7 phosphate, and pH 9 borate. The
wifers were rather weak (e.g., 0.05 m) and the actual pH of
the humate solutions when pH 7 buffer was used was between
7and 8. For this reason, results refer to the “buffer used”
unless it is stated that the pH was measured.

. Gas Chromatography. A Perkin-Elmer Model 3920 gas

:3 dromatograph with nitrogen-phosphorus detector was used

*3 nutinely to determine aromatic amines. Good chromato-
maphic separations (Table I) were achieved using a 6 ft X 4
am i.d. glass column packed with 10% OV-101 on 80/100 mesh
Chromosorb W-HP. Helium carrier gas was used at 33 mL/
min. The injector temperature was 250 *C and the detector
nterface was 220 °C. The column was usually run isother-
mally at 150 °C. However, in a few experiments, 2,4-dichlo-
totoluene was used as an internal standard with a flame ion-
ation detector, and a lower column temperature, ie., 115 *C,
%as required to separate early eluting compounds from the
methanol solvent front.

‘ Binding and Release Experiments. Typical binding/
releaqe experiments were run in test tubes (10-20 mL) closed
vith aluminum foil lined screw caps. Humate (0.5-1.0 g) was

. Placed into the tared tube and soivent or buffer was added.

The test compounds (usually in mixtures of three-five com-

" pounds) were added in methanol solution (1.00-5.00 mL of

lor 0.1 mg/mL) by pipet. The tubes were shaken as necessary

ure mixing and stored at ambient temperature (21-23
kept in a 30 °C bath as noted. When methano! was the
nt, extraction was achieved by repetitive centrifugation

d decantation of the liquid. When water was the solvent,

the liquid was extracted several times with ethyl acetate. In

linetic experiments with humate, aliquots of the reaction
zixture were periodically drawn by pipet, extracted, con-
fentrated, and analyzed.

In the first two preliminary experiments, absolute recov-
eries were determined using external standards. {t soon be-
came apparent that the precision of this method was limited
to a standard deviation of £20% due principally to com-
pounding of errors in volumetric transfers. A systematic error
due to incomplete extraction and losses in the drying and
concentration steps was also introduced. The latter losses were
particularly significant when the extracts were concentrated
to 1 mL and they tended to be greater for lower boiling aro-
matic amines. Thus, for the remaining experiments where
higher precision and optimum recoveries were desired, an
internal standard, 2-chloronitrobenzene, was added to the
amine before it was mixed with the humate or model com-
pounds, and resuits are reported as recovery relative to the
internal standard. By concentrating the extracts with the
internal standard only to 5 mL the precision of analysis was
limited only by the random variations in detector response
and retention times inherent to the GC-N/P system and the
measurement of peak heights. The precision was typically
£5% except when peaks less than 10 mm (usually late eluting
peaks, i.e., 25DCA and 34DCA) had to be compared with the
internal standard. In these cases precision fell to 10%. The
recovery efficiency of all aromatic amines was acceptabie, and
over a long series of measurements the absolute recovery of
the internal standard was found to be 104 £ 21% standard
deviation.

Kinetic Experiments with Model Compounds. In kinetic
experiments with model compounds, samples of the aqueous
methanol reaction mixtures (e.g., 5 uL) were directly injected
into the gas chromatograph. Unreacted anilines were deter-
mined relative to an internal standard. Linear first-order rate
plots, In [A] = —kt + In [A]o, were obtained for each substi-
tutad aniline in the reaction with benzoquinone over more
than 90% of the reaction, except for 25DCA and NMA, which
were not followed beyond about 30% completion.

Results and Discussion

Characterization of Humates. To ensure that the humate
materials used in this study were similar to materials em-
ployed in other studies, they were examined by infrared
spectroscopy. The spectra were similar to those published by
other authors (9-11). The humate fractions that had been
removed by extraction with organic solvents contained less
~OH and more aliphatic C~H than the bulk of the material.
The reduced humate H-RB had less absorption in the
1700-1800-cm~! region than H-2, and H-RB had more intense
absorption in the 1400-1300- and 1100-1000-cra =1 regions.
These changes are indicative of reduction of carbonyl func-
tional groups (vceo 1700-1750 cm~!) to alcohols (¥c..oH
1300--1000 cm—1).

Preliminary Experiments. Several preliminary experi-
ments were carried out to determine the effects of certain
variables (e.g., nature of the aromatic amine, solvent/pH, ratio
of amine to humate, time of reaction, etc.) upon the binding
and release of amines by humate. These experiments allowed
the development of methodology for more precise kinetic
experiments which followed. Since the preliminary experi-
ments were run for arbitrary reaction periods, they do not
distinguish between processes that have reached equilibrium
and processes that are still npproachmg equilibrium at some
undetermined rate.

Abbreviations for amines (e.g., A = aniline, 4CA = 4-chlo-
roaniline, 25DCA = 2,5-dichloroaniline) are found in Table
L

Competitive Displacement. Fuchsbichler and Suss (12)
reported that radiolabeled 4CA were extracted from soil more
efficiently with solutions of uniabeled 4CA or 34DCA than
with pure water or salt solutions. This experiment demon-
strates that there must be a lnmted number of specific binding
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sites for which various amines compete. We decided to confirm
this observation for our humate systems and use it to estimate
the number of exchangeable sites per gram of humate.

A sample of humate H-1 was pretreated with a great excess
of 4CA (4.7 mequiv/g of humate) in methanol for 3 days, after
which the humate was repeatedly extracted with methanol,
washed with CHoCly, and dried. We anticipated that aniline
would be a more reactive amine than 4CA. We added a large
amount of aniline (18 pequiv/g of humate) in 1% acetic acid/
methanol to the humate and let the mixture equilibrate for
1 day. From the methanol extracts, 5.4 uequiv of 4CA/g of
humate was recovered, compared to 1.4 uequiv of 4CA/g of
humate recavered in a control without aniline. Since the small
amount of aniline could not have significantly affected the
gross properties of the solvent, the enhanced recovery with
aniline indicates a specific effect. The result also suggests that
the humate has at least 4 uequiv of sites for exchangeable
binding of primary amine per gram. (There may be more ex-
changeable and unexchangeable sites.)

Binding and Release of 2CA, 4CA, and 34DCA in Two
Solvent Systems. In Table II, a binding and release experi-
ment involving competition of 2CA, 4CA, .and 34DCA is
summarized. The effects of the amine/humate ratio and sol-
vent are examined. In the binding phase, methanol with either
3% acetic acid or 3% aqueous ammonia (the aqueous ammonia
contained 30% NHj in water) was used as solvent, and the
amines were left in contact with the humate for 3 days. Upon
extraction (two 10-mL porticns of methanol) and analysis, it
was found that the absolute recoveries of all three amines were
high in the presence of ammonis (considering that the extracts
were concentrated to 1 mL before analysis; see Experimental).
In the experiments in which acetic acid was used in the sol-
vent, 4CA was not recovered as efficiently from humate H-1
as 2CA and 34DCA. Also, lower recoveries are experienced
when the ratio of amine to humate is lower.

A third 10-mL methanol extract of each sample was taken
and analyzed separately to confirm that all free amines had
been removed.

In the release phase of the experiment, the humate samples
were treated with 3% acetic acid/methanol containing aniline
(e.g., 30 pequiv/g of humate). After 3 days the samples were

extracted and analyzed. No additional amine was recovered
from the humate originally treated with ammonia, but ap.
preciable amounts were recovered from the humate samples
originally treated with acetic acid. In particular, 4CA and
34DCA appear to have been selectively sequestered in the
binding phase of the experiment.

These experiments demonstrate that there is a reversible
(e.g., exchangeabie) mode of binding of aniline to humates.
The binding sites appear to be saturating at high amine con-
centrations. Ammonia may be blocking sites by forming im-
ines with available carbonyls or other reactions.

The Ortho Substituent Effect. To determine whether the
lack of binding displayed by 2CA relative to 4CA in the pre-
ceding experiment was due to steric or electronic effects.
parallel binding experiments were run between 2MA and 4CA
and between 4MA and 4CA. (This experimenta! design was
chosen because 2MA and 4MA were not resolved in the
chromatograms and could not be analyzed simultaneously.)
After 5 days in 50% aqueous methanol solution at 30 °C
(treatment levels were 8.3 to 11 uequiv of each amine/g of
humate H-2), the recoveries of the amines were determined
relative to 2CNB internal standards. In both experiments 52%
of the 4CA was recovered, but only 34% of the 4MA was re-
covered while 85% of the 2MA was recovered. These results
indicate that ortho substituents inhibit binding of aromatic
amines regardless of whether the substituent is electron
withdrawing (Cl-) or electron donating (CHs-).

Blocking Humate Carbonyls. In principle it is possible
to deduce which functional groups of humate are responsible
for amine binding by selectively blocking them prior to at-
tempting binding experiments (1). In practice, this approach
is less than ideal because (a) it is impossible to modify one
functional group without having effects on the overall prop-
erties of the humate, and (b) it is not easy to demonstrate
spectroscopicaily that all the chosen sites were blocked.

Treatment of humate with SnCl; (13) yielded a product
that was difficult to manipulate. Tin salts were entrained and
the product was not soluble in water. In binding experiments,
it behaved much like normal humate.

Reduction of simple carbonyl compounds (14, 15) by sodi-
um borohydride has been well established, and this experience

Tabie 1. Binding and Release of Aromatic Amines by Sodium Humate *

solvent sywiem
2% AsON/CHION 3% AcOH/CHION 3% NHq(M70)/CHIOH
3,4 34-
westment level, 2-CA 4-CA ocA 2-CA 4cA ocA 2-CA 4CA l’n'c‘;
uoquiv/g of H-1 13 7] " .8 .87 e.7e 19 1.1 Y1)
{l) Binding Phase®
absolute
% recovery®
after 3 days
(a) first two 51 24 S0 7.0 21 63 68 (]
methanol extracts
{b) third methanol 0.5 0.2 0.2 0.02 <0.1 <0.1 0.4 0.8 <t
extract
(c) total 51 24 50 7.0 21 3 69 es
Trosiment with anlline, 32 20 3
poquiv g of H.1, 3% L X = v T
ACOM/CHIOM 2-CA ~CA DCA 2.cA A ocA 2.CA 4CA DCA
() Releass Phase®
absolute % recovery® 1.8 17 12 .32 49 3.7 <0.5 <0.§ <0.5
after 3 days
(two CHsOH
extractions) .
total recoversd ® 53 41 62 1 2s [ & () es

¢ The Muavaie is H-1. * Amblent tlemperature 21-23 °C. ¢ Extract concentraied 10 1.0 mb.
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pas been applied to reduction of aldehyde and ketone func-
sional groups in lignin. There are few references to reduction
quinones (16~18), but it appears that some quinones can

pe reduced by this reagent. There do not appear to be any

- references to reduction of humates with sodium borohydride,
yut it seems likely that all readily accessible, simple carbonyl
 unctional groups and some “core” functional groups (19) can
pe reduced by an excess of sodium borohydride. Infrared
spectra 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-
served 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
50 high (e.g., aniline 76% relative to 2CNB) that any difference
petween H-RB and H-2 would necessarily be small. Previous
experiments (Table IT) had shown that under basic conditions
recoveries of all amines are high. Thus, the humate samples
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-
' | periment a valid test. There were significant differences in the
" pecoveries of unbound aniline (54% H-RB, 32% H-2) and 4CA
¥ . (65% H-RB, 54% H-.2) relative to 2CNB. Although more
34DCA was recovered from H-.2 (86%) than H-RB (77%), these
results are probably within experimental error. Generally, 2CA
and 25DCA were recovered nearly quantitatively from both
humates (i.e., they do not show significant binding). These
results suggest that reduction with sodium borohydride did
affect the ability of humate to bind amines, but the effect is
not as clear-cut as might be expected if simple carbonyl
functional groups were responsible for the bulk of the
binding.
Kinetic Experiments with Humate. In spite of the dif-
ficultieg of interpreting reactions involving complex and ill.
defined materials like sodium humate, several kinetic ex-
periments were conducted. The first kinetic runs were set up
as competitive reactions in which a mixture of aniline, 2CA,
4CA, 25DCA, and 34DCA (with 2CNB as internal standard)
in methanol was added to an aqueous buffer solution of so-
dium humate (H-2). Aliquots of the liquid were periodically
taken for determination of extractable amines. Figure 1 shows
a typical set of data in which percent recovery of the amines
relative to 2CNB is plotted as a function of time. Binding
apparently occurs in two temporal phases.

Phase I Binding. The very first set of data, taken minutes
after mixing the reagents, shows small differences in the
recoverability of the amines (see, e.g., Figure 1), While the data
are not precise enough to reveal sharp distinctions, the trends
observed for the initial extraction suggested that (a) all amines
were recovered more efficiently when humate was in alkaline
buffer than when neutral or acid buffer was used, and (b) even
with acid buffers, 25DCA and 2CA were efficiently recovered.
All the amines were quantitatively (92-101%) recovered from
pH 4 buffer without humate.

Phase II Binding. After the initial binding equilibrium was
established (i.e., phase I), the recoveries of aniline, 4CA, and
34DCA continue to decrease slowly (Figure 1). This binding
appears to be only partially reversible. For example, in Figure
1, the dashed lines and circles indicate the recoveries of the
amines from a sample of the reaction mixture treated at 287

h with excess aniline and extracted at 420 h for comparison -

to the untreated reaction mixture. Note that the aniline ap-
pears to have significantly enhanced the recovery of 4CA,
34DCA, and even 2CA. .

In a similar experiment, aniline, 4CA, and 34DCA (30 pe-
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

R { } L {
] ] | i
L 158 200 300 400
HOURS —p

Figure 1. Recovery of substituted anilines from humate in aqusous pH
7 butfer at 30 °C. The initial concentration of humate was 16 g/L (1.64
9 of H-2 in 100 miL of pH 7 phosphate buffer to which 3.00 miL of
-methanol containing the substituted anilines was added). The Initial
concentrations of the substitined anilines were as follows: A, 4.4 X 10—
M: 2CA. 2.7 X 1074 M: 4CA, 3.3 X 1074 M: 25DCA, 2.1 X 104 M;
34DCA, 1.8 X 107 M. The data are pictted as percent recovery relative
to 100% 2-chioronitrobenzene. The circles indicate recovery of the
corresponding amines from an aliquot of the reacition mixture Treated
with 16 X 1074 M of anlline at 287 h and extracied at 420 h.

were 48, 43, and 71%, respectively. A large amount of 3MA
(3500 uequiv/g of humate) was added as a neat liquid to avoid
changing the concentration of the other reactants. After 68
h, recoveries of aniline, 4CA, and 34DCA were 52, 71, and 83%,
respectively. However, even after 476 h the recoveries of ani-
line, 4CA, and 34DCA were still incomplete: 72, 75, and 94%,
respectively.

The Kinetic Order of Phase II Binding. Data for the rate
of binding of aniline to humate were taken from two of the
competitive runs (employing five- amines in each) and two
other runs in which only aniline and 2CNB were added to the
humate in pH 7 buffer. The initial “phase II” rate of binding
of aniline, ~d{A]/dt at ¢t = 0, was determined from plots of
concentration vs. time. The resuits are summarized in Table
[1 and indicate that the rate of binding of aniline varies as the
product of the concentrations of aniline and humate.

The reaction thus appears to be first order in aniline and
first order in humate. However, this is probably not a simple
second-order reaction. If the observed rate were a composite
rate, it would still have a second-order relationship as shown
by this derivation:

—d[A}/dt = ki[A][S1] + ka[A][Sa]. . kn[A][Sa]

= Zi:k.- [Alls:]
where S; are different reactive sites in the humate each with
a unique rate constant k;. When the reaction begins (¢ = 0),

[Si]o = C;[humate]o, where C; is a constant characteristic of
the humate, so that at t = 0;

~d[A}/dt = T (kC;[Alo[humate]o)
= (ThCi){Alolhumate]o -

and Z;k;C; is an sppare %msta.nt deter-

- -
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Table lIl. initial Rate of Phase Il Binding of Aniline with Humate in pH 7 Butfer at 30 °C

initial concentrations product
. e, [AlNL
x10=4 u [ 43 X 10~
14 30 420
5.7 41 234
587 268 148
44° 16 70
4 Competitive runs.

]
phase sl
rale
~dAVet, mz:-s-«e.r
X16™4 m wign)
0.031 7.38 X 10-%
0.022 9.40 X 105
0.019 128 X 10~5
0.0058 8.29 X 105

av (9.47 £ 2.05) X 10~%

= " mined by dividing the initial rate by the initial concentrations

of humate and aromatic amine.
Reactions of Primary Amines with Model Compounds.

:‘ As reported by Hsu and Bartha (1), amines appear to react
— -with hurnate by two distinct mechanisms. In the absence of

methods to directly determine the nature of the chemical
bonds between the amines and humate, reactions with model
compounds allow the proposed mechanisms to be tested. The
results of experiments with model compounds can never prove
what is happening, but they can sometimes show what is not
happening.

Formation and Decomposition of Imines. Veratral-
dehyde (3,4-dimethoxybenzaldehyde) was chosen as a hu-
mate-model carbonyl. When a mixture of aniline, 2CA, 4CA,
25DCA, 34DCA (e.g., 103 M), and 2CNB internal standard

was mixed with veratraldehyde (10-! M) in 77% CHsOH/23%

H,0 (v/v, pH 5 was due to traces of acid), an equilibrium was
established immediately. Direct injection of the reaction
mixture into the chromatograph showed loss of free aniline
and 4CA within seconds of mixing the aldehyde and amines,
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 were added because a stoichiometric amount of
water is required for hydrolysis (Reaction 1). However, when
water was added to the solution of the imine (solution diluted

to 16% CH3;0H/84% H:0), free 4CA was immediately liber-

ated. Formation constants (Ky) for imines are usually cited
as the equilibrium constant (Ko) for Reaction 1 divided by
the concentration of water:

K= Ko Ko [imine]
(H:0] ~ [amine][carbonyl]

Formation constants were calculated for the imines of anilines
(K= 9.0 M~!) and 4CA (K = 3.6 M) with veratraldehyde
at 22 *C in 77% CHyOH/23% H,0, but the formation con-
stants for the other imines were too small to measure at the
concentrations used here (e.g., they are less than 1 M~1), The
thermodynamic equilibrium constants are, of course, much
larger since the concentration of water in this solution is about
15 M (e.g., K oq for aniline-imines 9 M~! X 15 M = 135). These
results are similar to those reported by other workers (3).

Experiments in which 4CA was displaced from the 4CA
imine of veramldehydo were also conductad. These reactions
were run in anhydrous methanol, which made the rates very
slow because no more than a catalytic amount of water was
present. It was observed that the extent (and rate) of dis-
ggcement of 4CA by other amines was aniline > 34DCA »

A,

These results are similar to the rapid, reveraible (phase I)
binding of aromatic amines observed with humate. It is rea-

sonable to propose, as Hsu and Bartha (1) did, that imine
formation occurs to a significant extent in nonaqueous systems
(e.g., anhydrous methanol or dry soil). However, in aqueous
systems (e.g., flooded soil) imine formation will tend to be
limited by the large excess of water (i.e., [H,0]/[ArNH,} »
100) in spite of favorable equilibrium constants (i.e., Koq =
100). In other words, we can write:

= K{humate carbonyl]see/{H20]
[bound amine] _ K([humate carbonyl], ~ [imine])
[free amine] {H20)

for the rapidly exchangeable, imine-bound anilines where X
= 10 to 1000 (3) and [humate carbonyl], = {humate] X 10-3
equiv of carbonyl/g (20).

Reactions of Primary Amines with Quinones. Primary
amines may reversibly form imines with quinones, but the
isolatable products are the less labile quinone substitution
products (Reactions 2 and 3).

0 0o 0o
+ HO wuin + ArNH, — —
NHAr
NAr ° ®

For comparison of reactivities of various amines with hu-
mate (Figure 1) and quinones, quantitative rate experiments
were conducted. Ring-substituted anilines and N-methyla-
niline were allowed to react with p-benzoquinone under
pseudo-first-order conditions. The results are s
in Table IV. The rates of reaction are in the order eMA >
aniline > 4CA > 34DCA > NMA » 2CA > 25DCA.

Hammett plots (21, 22) for 4MA, aniline, 4CA, and 34DCA
were made using both the usual ¢ and o+ substituent con-
stants (Table IV). The reaction constants p, which were cal-
culated from the ¢ and o* plots, were —1.5 and —1.8, respec-
tively. However, the data are better correlated with the ¢*
constants, which were developed for application to systems
in which substituents directly conjugate with an electron-
demanding reaction center in the transition state. These re-
sults may be compared with p = ~0.99 obtained for the
nucleophilic reaction of substituted phenoxides with ethyl
iodide in ethanol at 43 *C, and the equilibrium constants for
protonation of subsetituted anilines by formic acid in 67%
.aqueous pyridine whers p = —1.43 (22).

Preparative scale reaction between p-benzoquinone and
4CA produced several colored products. The use of high
concentrations and quinone/amine ratios lppronclung 1:1
leads to multiple substitution oa the quinoid ring and other
side reactions (23-25), which were minimized under the con-

ditions of the rate tucy. AR306503
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et 4 ky,

cempeund oenon, M !
4-methylaniline 0.86 X 10-3 2.8 X 1073
aniling 1.37 X 1072 1.1X 10-2
4-chioroaniline 1.02 X 10-3 0.87 X 103
3, 4-dichioroaniiine 0.67 X 103 0.16 X 10™3
2.chioroanitine 0.83 X 10— 0.055 X 1073
2.5-dichioroaniiine 0.57 X 10™3 0.0062 X 107
A-methylaniline ¢ 0.78 X 10~3 0.10 X 10™3

gable IV. Reaction of Substituted Aniline with p-Benzoquinone under Compaetitive Pseudo-First-Order Conditions

keAQL*

MY g g (k/kq)® e® A
29 X102 0.42 -0.17 -~0.26
1.1 X t0~2 [} 0 0
0.90 X 10—2 -0.087 +0.23 +0.04
0.17 X 10~2 -0.81 +0.80 +0.43
0.057 X 10~2
0.0084 X 10-?
0.12 X 10™2

» Temperature 22-23 °C, solvent 71% CH0H/20% H7O, initisl quinone concentration [Q] = 97 X 1073 M, except for Nenethyianiline, where [Q] = 84 X
10-3 M. ®Log (k/ko) = po, p = ~1.50, 2 = 0.954. *Log (k/ko) = p*o*, p* = —1.79, # = 0.998. “ Resction carried out similarly 10 other nns except thet flame
ONZBLION JEtECHion was Used with 8 coksmn temperature of 115 °C, and 2,4-dichicrotoluene (24DCT) was used as an intemal standard. Under thess conditions
e retention time of NMA is 7.8 min and the retention time of 240CT is 10.8 min. Reaction was followed 10 67% completion.

Reaction of a Secondary Amine with Humate and
Model Compounds. Inspection of Reactions 1, 2, and 3
suggests that it may be possibie to distinguish between some
of the pounble mechanisms of covalent bond formation by
comparing the reactivity of primary ArNH; and secondary
ArNHR amines toward humates and model compounda.
Secondary amines, such as NMA, cannot form imines (3-5),.
but as shown in Table IV, NMA reacts with p-benzoquinone
to form the same sort of red product as the ring-substituted
anilines. Note that the rate of reaction of NMA with p-ben-
zoquinone is about the same as 34DCA, and the reaction goes
to completion given enough time.

In a competitive experiment NMA (5.0 X 10~4 M) and 4CA
(6.7 X 10~4 M) were reacted with humate H-2 (19 g/L, mea-
sured pH 4 after adjustment with scetic acid and 94% H,0/6%
CH;0H, v/v). Recoveries of NMA and 4CA after 0.5 h were
found to be 97 and 63%, respectively, relative to 2CNB. When
the reaction was allowed to proceed for 8 days before extrac-
tion and analysis, recoveries of NMA and 4CA were only 60
and 22%, respectively, relative to 2CNB. Recoveries of NMA
and 4CA from a sample of humate H-3 prepared by base ex-
traction and reprecipitation of commercial humate (16 g/L,
measured pH 4 after adjustment with acetic acid and 94%
H70/6% CH3;0H, v/v) run in parallel with the H-2 humate
experiment for 8 days were 46 and 15% relative to 2CNB.
These results are compatible with Reaction 2 being the
rate-limiting step for introduction of the amine moiety into
the humate. The use of a secondary amine is a useful tool be-
cause it is blocked from forming imines and heterocyclic
compounds. If phase II addition does represent addition to
quinones by Reaction 2, the partial reversibility observed for
phase 11 is readily explained. Either a simple reversal of Re-
action 2 (i.e., retro-Michael reaction (26)) or direct substitu-
tion as in Reaction 6 can occur (23, 25).

0o OH
+ HX o X --
NHAr NHAr
0 : 0
o]
+ H,NAr (6)

X

Summary and Conclusions

Experiments indicate that covalent binding (as inferrred
from lack of recoverability by simple extraction) of ring-

substituted anilines to humates involves two different
chemical reactions. When an aniline is mixed with humate,
a reversible equilibrium is very rapidly established. This
equilibrium is thought to represent reaction of the amino
group with aldehyde and ketone groups in the humate to form
imine linkages. The second reaction is very slow and not
readily reversible. This slow reaction is thought to represent
addition of the amines to quinoidal structures followed by
oxidation of the product to a nitrogen-substituted quinoid
ring. Subsequent to this initial addition, further reactions may
oceur in loco to lock the amine moiety into the humate as part
of a heterocycle. The effects of chloro and methyl substituents
on the aniline ring are competible with these interpretations.
In addition, the conclusions are supported by the observation
that N.methylaniline (which cannot form imines, but which
adds to quinoid rings) reacted siowly with humate.
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8 The kinetics and thermodynamics of the sorption of iodide
on Cu metal, Cuz0, and CuO have been studied using an
ion-selective electrode.and a radioactive 125] tracer to measure
I~ in solution. ESCA, SEM, and XRD techniques have been
used to measure and characterize 1= directly on the copper
metal surface. The copper surface consists of hydrated or
hydroxylated Cu,0, but both copper metal and Cu,0 sorb I-
rapidly from solutions having [I=] 2 10~¢ M. Sorption on
copper progresses in two steps: formation of a Cu*(I=)(OH~)
complex on the surface, followed by crystallization of Cul and
release of OH~ into solution. The concentration of I~ in so-
lution (and thus the amount of iodide sorbed at low concen-
trations) is controlled by the solubility product of Cul (K
= 1.1 X 10~12), Desorption of iodide from copper metal also
is consistent with {I~] in solution being controlled by the sol-
ubility produet of Cul. Oxidation of the copper surface to CuQ
results in much poorer sorption of I-.

129] is potentially one of the more mobile nuciear fisgion

nuclear waste has been directed mainly toward the scrubbing
processes in reprocessing streams (2-4), rathe immo-

measures for nuclear waste, which w include sorbent
buffers and backfill, as well as stable cofitainers or hosts such
as glasses, ceramics, or crystalline sofids (6, 7). The overall
system could include sorbents for i such as '], which

reasons. First, iodine is known yo concentrate around copper
deposits (8) in nature. Secopd, a preliminary study of I~
sorption on copper showed phat considerable I~ is taken out
of solution (9). Third, copplr has been proposed as an excel-
lent stable container forAuclear waste (7). We felt that Cu
metal as a container, oy a copper salt in the buffer/backfill
material, could serve $6 sorb leached 121 from the waste.

In this work we present detailed results of 1~ sorption and
desorption on coppér metal, Cu0, and CuQ, using surface-
sensitive probes gGch as electron spectroscopy for chemical
analysis (ESCAY(10, 11), radiometric tracers, and scanning
py (SEM) to follow the sorption reaction
directly and j0 elucidate the kinetics, mechanism, and ther-
modynamigh of I~ uptake. The ESCA technique is ideally

itoba ROE 1L0, Canada

suited for studying s reactions on smooth substrates (72,
13) like that of sheef copper.

Experimental

The copper faetal used was Figher electrolytic dust, having
a grain size of about 30 um. Fisher reagent grade Cus0 and
CuO and dered natural cuprous oxide (cuprite) from
Ontario wére also used. Five grams of the above was added o
50 mL qf dilute (10~2 to 10-¢ M) Nal solutions at 22 *C for
varying times. Sorbed I~ was determined by measuring the

I~ in the solution with a pH meter and an Orion -

spegific-ion electrode, having a linear sensitivity down to I-
centrations of 2 X 10~ M. The radiometric tracer exper-
ifhents were carried out at room temperature using 25 mL of
al solution containing 121 tracer, and 0.25 g of Cu, Cu20, or
CuO. The analyses were made by S-counting the 1281 tracer
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.

For the ESCA and SEM observations, polycrystalline
copper sheet (purity of at least 99.9%) was cut to 2.1 cm X 1.0
cm plates, degreased in acetone, and then dipped into 5%
HNO; for 1 min. After the samples were rinsed in water and
subsequently dried with acetone, they were suspended in 100
mL of Nal solutions of strengths 8 X 10~ 8 x 10~7,8 X 10~5,
8 X 105, and 8 X 10-¢ M. At the end of the elapsed periods
they were removed from the solution, washed thoroughly in
water, and dried by sluicing with acetone before being used
for ESCA, SEM, and X-ray diffraction measurements.

Black CuO was grown on the sheet copper plates by en-
closing them in a sealed glass tube partially filled with water
and heating at 100 *C for 1 week. For sorption experiments,
these plates were then suspended in Nal solutions as for
copper metal above. A Cul standard for ESCA measurements
was prepared by a long-established method (14). The sorption
capacity of powdered CuO was treated with the I~ sensitive
electrode and by radiometric counting.

For desorption studies, Fisher electrolytic granular copper

(grain size 100-150 um) was used instead of the finer dust,

since it was easier to filter and transfer. Iodide was first sorbed
onto this copper by addirig 20 g of Cu to 200 mL of 10~¢ M Nal
and leaving the solution for 72 h. The I~ sorption was followed
with the specific-ion electrode. The solution was then de-
canted, and the copper was washed with water to remove re-
sidual I=. The copper was then added to 100 mL of water at
22 or 82 °C in a stoppered Nalgene bottle, and the desorbed
1~ was measured with the specific-ion electrode.

The ESCA spectra were obtained using a McPherson ESCA
36 spectrometerand an ¢ - ST 7 Netween
the incident photons and .. Eight
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Cross-Linkége between Anilines and Phenolic Humus Constituents

. Jean-Marc Bollag,* Robert D. Minard, and Shu-Yen Liu

Laboratory of Sofl Microbiology, Department of Agronomy and Department of Chemistry, The Pennsyivania State Univers
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8 The pesticide degradation intermediates 4-chloroaniline,
3,4-dichloroaniline, and 2,6-diethylaniline were examined
for their ability to react with various phenolic humus
constituents in the presence of a fungal phenol oxidase.
An initial indication of a cross-coupling reaction was ob-
tained by color formation. Although anilines alone were
not transformed by a phenol oxidase isolated from the
fungus Rhizoctonia praticola, they readily cross-linked
with phenolic acids or their enzymatic products to form
hybrids in the presence of the enzyme. A number of hy-
brid dimers, trimers, and tetramers. were isolated and
determined by mass spectrometric analysis. The identities
of three hybrid dimers formed from syringic acid coupled
with 4-chloroaniline, 3,4-dichloroaniline, or 2,6-diethyl-
aniline and a hybrid tetramer from protocatechuic acid

coupled with 2,6-diethylaniline were determined. The-

formation of the hybrid dimer N-(2,6-diethyiphenyl)-2,6-
dimethoxy-p-benzoquinone imine from a cross-linkage
between syringic acid and 2,6-diethylaniline was quanti-
tatively evaluated.

Introduction

Extensive investigations of the fate of pesticides and
other xenobiotics in soi]l have been performed, but the site
and mechanism of their binding to or incorporation into
soil constituents are still undefined. One group of chem-
icals that undergo little transformation or mineralization
in the soil within a growing season are the halogen- or
alkyl-substituted anilines, which represent the aromatic
base of a great number of currently used pesticides (1, 2).
While many substituted aromatic pesticides are subject
to microbial transformation, the aniline rings are quite
resistant and are easily bound to humic material (1-6).

Hsu and Bartha (4, 7) using “C-labeled 3,4-dichloro-
aniline found that about half of the humus-bound anilines
could be released by hydrolysis, while the remainder was
liberated only by combustion. This led to their conclusion
that at least two different mechanisms of covalent binding
to soil organic matter exist: the weaker chemical bonds
could be condensations of primary amino groups to car-
bonyl groups forming anils (imines), and the stronger
bonds couid be explained by the formation of anilino-
quinones or the incorporation of the amino groupe into
heterocyclic ring structures. Similar assumptions were
made by Parris (8) in studies on the kinetics of the pro-
posed reactions.

While the covalent bonding of aromatic amines to soil
organic matter could only be inferred from observations
in previous studies, it was our purpose to identify the
chemical products formed by reactions occurring between
the xenobiotic anilines and constituents of humic material
Our experiments were performed in an aqueous medium
and initiated by a fungal phenol oxidase.

Materigls and Methods

Materials. An extracellular mcomc imvimve oo —

culture filtrate of Rhizoctonia praticols was used (9). One
unit of thia snzvme iz defined aa that amount which causes

a change in optical density of 1.0/min at 468 um in 2. ...
of 0.1 M phasphate buffer solution (pH 6.9) containing 3.24
pmol of 2,6-dimethoxyphenol at 23 °C.

4-Chloroaniline, 34-dichloroaniline, and 2,6-diethyl-
aniline were obtained from Aldrich Chemical Co. (Mil-
waukee, WI). The two chloroanilines were treated with
activated charcoal and recrystallized twice from petroleum
ether. 2,6-Diethylaniline was purified by thin-layer
chromatography using Silica Gel F-254 with hexane:ethy!
acetate (17:3 v/v) as a development solvent. Radiolabeled
2,6-diethyl{U-'*C]aniline hydrochloride with a specific
activity of 11.4 mCi/mmol was purchased from New
England Nuclear, Boston, MA, and 0.005 »Ci (11 100 dpm)
of radioactivity was added to 1 mL of the incubation
mixture. Vanillic acid, a-resorcylic acid, and S-resorcylic
acid were purchased from'Aldrick Chemical Co. (Mil-
waukee, W), salicylic acid from Fisher Scientific Co., and
ferulic acid, caffeic acid, syringic acid, protocatechuic acid,
gallic acid, phioroglucinol, resorcinol, and orcinol from
Tridom Chemical Inc., New York. The chemical purity
of all reagents was determined by clm:matographxc analysis
(TLC and HPLC).

Substrate Incubation and Product Extuctxon. The
phenols and anilines were dissolved in ethanol and added
to 0.1 M phosphate buffer solution (pH 6.9) containing 0.5
units of enzyme/mL of solution. If not stated otherwise,
the concentrations of phenol and aniline were each 150
ug/mL, and the ethanol concentration did not exceed
0.4%. For preliminary experiments and for determination
of color reactions, 10 mL of incubation mixture were used,
and 100-200 mL—depending on product yield—were used
for the isolation of products.

After 1 h of incubation at 30 °C, the reaction mixture
was extracted with an equal volume of diethyl ether. The
organic phase was treated with anhydrous sodium sulfate
and subsequently evaporated to dryness with a rotary
evaporator. The residues obtained were redissolved in an
aliquot of methylene chioride and used for thin-layer
(TLC) and high-performance liquid (HPLC) chromatog-
raphy analysis. An assay mixture of boiled enzyme was
always inciuded as a control.

For the quantxutxve experunenm of the hybrid duner
produced between cynngxc acid and 2,6-diethylaniline, the
reaction was carried out in phosphate buffer solution (0.1
M, pH 6.9) containing 0.5 units of enzyme, syringic acid
ranging.-from 125 to 750 ug, and 2,6-diethylaniline from
'125 to 1000 ug/mL of solution. In a separate experiment.
the concentrations of syringic acid and 2,6-diethylaniline
were 500 ug and the enzyme concentration ranged from
0.031 to 3 units/mL of reaction mixture. For each treat-
ment, & 20-mL volume of reaction mixture was used. Fof
the experiment with different substrate concentrations:
the enzyme assays were incubated at 30 *C for 1 h, an
for the experiment with different enzyme concentrations

at 30 °C for 20 and 90 min. The resction miztures wert

- extracted twice with equal volumes of diethy] ether, an

the combined extracts were evaporated to dryness undef
a stream of nitrogen.

Analytical Methods. TLC was carried out on silica ¢
F-254 plates (Brinkmann Instruments, Inc., Westbury:
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m the Fungus R. praticoia

Table I. Color of Reaction Mixture of Various Combinations of Phenols and Anilines after Incubation with s Laccase

phenoiic substrate control 4-chloroaniline 3,4-dichloroaniline 2 6-diethylaniline
hydroxycinnamic acid

ferulic acid light pinkish yeliow reddish yellow reddish yellow reddish yeliow

caffeic acid light pink reddish pink reddish pink reddish pink
hydroxybenzoic acid

vanillic acid yellow dark brown dark brown dark brown

syringic acid light reddish brown dark brown dark brown red (ppt)

protocatechuic acid yellow brown dark purpie dark purple dark purple

gallic acid ) yeliow dark green brown dark green brown dark green brown

a-resorcylic acid yellow yeliow brown yellow brown yellow brown

8-resoreylic acid light yellow light yellow light yellow light yellow

salicylic acid no color no color no color no color
hydroxybenzene

phloroglucinol light yellow yellow yellow yellow

resorcinol yellow pinkish brown pinkish brown pinkish brown
hydroxytoluene

orcinol yellow brown brown brown

NY) with a layer thickness of 0.25 mm for routine analysis
and 0.5 mm for the isolation of products. A solvent system
of chioroform-sacetic acid (20:1 v/v) was used for most of
the TLC analyses. In some cases a second solvent system
consisting of hexane:ethyl acetate (82 v/v) was employed.
All products were extracted from thin-layer plates with
ethyl acetate.

HPLC was performed with two Model 6000A pumps, &
U6K injector, and 440 UV detector with dual wavelength
(254 and 280 nm; Waters Associates, Inc., Milford, MA).
e separation was achieved by a Radial-Pak Cartridge
10 um) by using a radial compression module (RCM-
¥00). Samples were eluted with hexane:ethyl acetate (6:4
v/v) at a flow rate of 1.5 mL/min. All sampies were passed
through a millipore filter (0.22 um) before injection into
HPLC.

For quantitative analysis, the dried residue was dissolved
in 6 mL of methanol, and samples of 20 xL were injected
into the HPLC. Triplicate sampies were evaluated for each
treatment. The yield of the hybrid dimer (m/z 299) was
determined by a data module (Waters Associates, Inc.,
Milford, MA) by using the external standard method. The
calibration curve of the dimer was linear in the range
between 0 and 25 ug. '

Mass spectrometry was performed with electron impact
analysis at 70 eV with sample introduction by direct in-
sertion probe on an AEI MS-902 or Kratos MS-50 mass
spectrometer at tempertures varying from 300 to 400 *C.
Proton NMR spectra were taken on a Bruker 200 MHz
instrument with a Fourier transform system using deu-
teriochloroform as a soivent.

UV spectra were measured in methanol with a Bausch
and Lomb 2000 spectrophotometer. Radioactivity was
measured with an Isocap-300 liquid scintillation counter
(Searle Co.) with sampies prepared in a Scinti Verse
cocktail (Fisher Scientific Co.). Melting points were ob-
tained in open capillaries in an electrothermal melting
point apparatus and are uncorrected.

Acetylation of Product. Reductive acstylation was

ied out according to the method of Vogel (10). The
sample (50 mg) was dissolved in 5 mL of acetic anhydride,
and 300 mg of sodium acetate and 300 mg of zinc dust were
added. The mixture was gently warmed until the color of
the quinone disappeared and then boiled under reflux for
2 min. After the addition of 2 mL of glacial acetic acid,
the mixture was boiled again to dissolve the product and
the precipitated zinc acetate. The hot solution was poured
T Ao AR T aF anld water sansing hvdrolviis of the acetic

product was then recovered by methylene chioride ex-
traction.

Results

Previously it was shown that the extracellular fungal
laccase of R. praticola did not transform chiorinated and
brominated anilines (1), and this was confirmed with
4-chloroaniline and also observed with 3,4- dichloroaniline
and an alkylated derivative, namely 2,6-diethylaniline.
Analysis of the enzyme reaction mixtures of the various
anilines by TLC did not indicate disappearance of the
substrates. Since various anilines reacted with 2,4-di-
chlorophenol in the presence of the enzyme and produced
a particular color (12), it was assumed that the formation
of a specific color was indicative of cross-coupling products
generated during the incubation of naturally occurring
phenols with the three anilines. Incubation of 4-chloro-
aniline, 3,4-dichloroaniline, or 2,6-diethylaniline together
with the fungal enzyme and a phenolic humus derivative
resulted in most cases in the formation of a color that
differed from the color of the reaction mixture containing
only phenol; only S-resorcylic acid-and salicylic acid did
not show a color change (Table I).

The color difference served as an indicator of a cross-
coupling reaction between anilines and phenolic humus
constituents. Ether extracts of various assay mixtures of
anilines and phenols were first analyzed by TLC, and it
was usually possible to distinguish some characteristic
colored zones that were not observed when phenol alone
was the substrate. The colored zone with a specific R,
value on a thin-layer plate occasionally represented a singie
product, but in most cases it was composed of several
products as further analysis by HPLC revealed. The latter
technique also provided purification which facilitated
chemical identification.

It has to be emphasized that the following description
of cross-coupling products between the three anilines and

the various phenolic humus constituents covered only the

products that were clearly determined under the experi-
mental conditions. Changes in incubation time or the use
of different amounts of enzyme units would have resuited
in additional or other products. Prolonged incubation or
higher enzyme concentration caused further polymeriza-
tion reaction, which was not of interest since we intended

to determine the initial cross-coupling substances which

usually undergo further oxidative coupling.
Hybrid Products of 4-Chloroar =~
Humus Constituents. Tabie Il pr
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Table II. Hybrid Products of 4-Chloroaniline and Various Phenolic Humus Constituents Formed after Incubation with a
Laccase from R. praticoia

molecular ion

resction of of hybrid color of spot
4-chloroaniline with: product, m/z  oligomer suggested composition® R, in TLC®? on TLC plate
vanillic acid 371 trimer 2V + CA - 2C0O, 0.68 light brown
374 trimer V + 2CA - CO, 0.48 gray
413 trimer 2V + CA-CO,-2H 0.77 yellow
415 trimer 2V + CA-CO, 0.77 yellow
429 trimer 2Ve + CA 0.34 orange
499 tetramer V + 3CA - CO, 0.34 orange
506 tetramer 2V 4+ 2CA-CO,-C 0.64 yellow green
540  tetramer 2V + 2CA - CO, 0.34 orange’
554 tetramer 2V¢ + 2CA 0.34 orange
syringic acid 277 dimer Sy + CA-CO, - 2H 0.68 yellow
' 279 dimer Sy + CA-CO, 0.68 coloriess
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
487 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 scid, Sy = syringic acid, Prot = protocatechuic acid, Gal = gallic acid. ¥ Solvent:

chloroform:acetic acid (20:1 v/v).

¢ C,H,,0, (m/z 304; dimer of vanillic acid and methoxy-p-quinone; see ref 14).

humus constituents. A variety of hybrid trimers and
tatramers were isolated when vanillic acid was incubated
with 4-chloroaniline, but no dimeric hybrids could be de-
tected. The majority of trimers consisted of one aniline
and two vanillic acid molecules, and the tetramers con-
sisted of two aniline and two vanillic acid molecules. Only
one trimer was found to be composed of one vanillic acid
and two 4-chloroaniline molecules, and one tetramer con-
sisting of one vanillic acid and three 4-chloroaniline
molecules was characterized.

Three hybrid dimers were formed during coupling re-
. actions of syringic acid and 4-chloroaniline. A yellow hy-
brid dimer with m/z 277 was produced in large yields; the
compound had a UV absorbance maximum at 308.7 nm.
It could be isolated by HPLC, its molecular weight was
determined by mass spectrometry (Figure 1A), and its
structural assignment was elaborated by NMR analysis
{Table III, compound A). The correct chemical shift as-
signments for the H, and H; protons is based on NMR
studies by Iwan et al. (13) in similar systems. Therefore,
compound A was identified as N-(4-chlorophenyl)-2,6-
dimethoxy-p-benzoquinone imine (Figure 2A). The re-
duced form of the dimer was determined by high-resolu-
tion mass spectral measurement and indicated an ele-
mental composition of C, H, O4NCI (calculated 279.0659,
found 279.0649).

Among the five hybrid products formed between 4-
chloroaniline and protocatechuic acid, one compound was
produced in large quantity and appeared to be stable. It
was isolated by TLC and found to be a tetramer with m/z
468 (Figure 3). Another tetramer with m/z 467 was
composed of three aniline molecules and one proto-
catechuic acid and had an elemental composition of Cyp-
H,N,0OC, (calculated 467.0359, found 467.0331) as de-
termined by high-resolution mass spectrometry.

Only one hybrid trimer was obtained between gallic acid
and 4-chloroaniline. .

Hybrid Products of 3,4-Dichloroaniline and Phe-
nolic Humus Constituents. The cross-coupling products
obtained from 3,4-dichloroaniline and various phenolic
acids are given in Table IV. Most of the hybrid products
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vanillic acid and 4-chloroaniline. Various types of vanillic
acid dimers (14) were found to couple with 3,4-dichloro-
aniline.

Three hybrid dimers and one hybrid tetramer were ob-
tained in the coupling reaction of syringic acid and 3,4-
dichloroaniline. A yellow hybrid dimer with m/z 31gmss
produced in high yield and was purified by HP
compound has a UV absorbance maximum at 206N
NMR analysis of this compound allowed the assignment
of structure B—as shown in Table III—by analogy with
the NMR of compound A, and accordingly compound B
was identified as N-(3,4-dichlorophenyl)-2,6-dimethoxy-
p-benzoquinone imine (Figure 2B). The reduced form of
the dimer had an elemental compasition of C,H;04NCly
(calculated 313.0270, found 313.0250) as shown by high-
resolution mass spectral measurement. This compound
is analogous to the hybrid dimer with m/z 279 formed
between syringic acid and 4-chloroaniline (Figure 2). The
mass spectra of the hybrid dimer (m/z 311) and its reduced
form (m/z 313) are shown in Figure 1B.

Three hybrid products were detected in a reaction be-
tween protocatechuic acid and 3,4-dichloroeniline. A hy-
brid tetramer with m/z 569 was similar in structure to the
hybrid tetramer (m/z 4687) obtained between proto-
catechuic acid and 4-chloroaniline, but it contained three
additional chlorines.

Cross-coupling of ferulic acid and 3,4-dichloroaniline
resulted in the formation of three hybrid trimers and one
hybrid tetramer.

Hybrid Products of 2,6-Diethylaniline and Phenolic
Humus Constituents., A clear indication that cross-
coupling between [U-14C})-2,6-diethylaniline and phenoli¢
acids had taken place was obtained by determining rs-
dioactivity in the resulting products. In each reactios
mixture several radicactive compounds were fo
the hybrid products isolated and determined
spectrometry are listed in Table V. The results con (]
the effect of substrates and enzyme concentration on the
hybrid formation will be later described.

A hybrid dimer between syringic acid and 2,6-diethy}
aniline with m/z 299 (Figure 2C) appears to be a majof
product, since prolonged incubation resulted in the accy”
mulation of this product and the formation of other u®”




compound
]

"“IW
. “‘ W&

chem shift,
ppm

7.377
6.839
6.421
6.054
3.88
3.68

7.473
7.048
6.771
6.456
6.002
3.90

3.72

7.024-7.085
6.524

6.711

3.891

3.508

2.33

1.05

7.16-7.30
5.727
5.149
3.673
2.601
2.301
1.166

7.182-7.329
7.068
$.25-5.40
5.207

4.547
2.16-2.75
1.318
1.259
1.185
1.072

Table III. Proton NMR Data for Five Oxidative Coupling Products of Phenols and Anilines

splitting proton coupling
(integral)® assignments Hz
d (2 H) H, 8.8
d (2 H) H, 8.8
d(1H) H, 2.1
d (1 H) Hy 2.1
s(1H) H,

3 (1 H) Hg

d(1H) H, 8.5
s(1H) Hy

d (1 H) H, 8.5
s (1 H) Hy

s(1H) H,

s (3 H) H,

8(3 H) H,

m (3 H) H,

d(1H) Hy, 2.1
d (1 H) H, 2.1
(3 H) Hy

s(3H) H,

q(4 H) Et CH, 7.5
t (6 H) Et CH, 7.5
m (3 H) H,

s (2 H) Hy

brs (1 H) H,

s (6 H) methoxy

q (4 H) Et CH, 7.8
s (3 H) acetate CH,

t (6 H) EtCH, 7.6
m(7TH)

d(1H) g; 7.6
brs (2 H) H,

s (1 H) Hy

s(1H) H,

m (12 H) Et CH, 7.7
t (18 H) Et CH, 17

¢ s = singlet;d = doublet; t = triplet; g = quartet; m = multiplet; br = broad.

ideacified products was negligible. The compound purified
by HPLC had a red color, a melting point of 135 *C, and
a 1" " absorbance maximum at 205.3 nm. The mass spectra
of » hybrid dimer (m/z 299) and its reduced form (m/z

301) nted in Figure 1C; the high-resolution mass
;?a':ﬂofthequinonedimer(m/z 299) are listed in
a

" & reductively acetylated product of the hybrid dimer
(m/z 299) gave a colorless monoacetate with m/z 343.
High-resolution mass spectzoscopy gave an elemental
on osition of CooHyNO, (calculated 343.1784, found

343.1775). The loas of one ketene gave an ion at M* 301
with an elemental composition of C,sHy NO; (calculated
301.1668, found 301.1667). The NMR data in Table II}
allow the assignment of structure C to the dimer M* 299

and structure D to the reductive acetylation product of
C could be identified as N- .

compound C. Compound
(2,6-diethylphenyl)-2,6-dimethoxy-p-benzoquinone imine
(Figure 2C). .

Incubation of protocatechuic acid and 2,6-diethylaniline
resulted in the formation of an orange tetramer, which was
purified by HPLC. It consisted of one protocatechuic acid
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gl; Table IV. Hybrid Products of 3,4-Dichloroaniline and Phenolic Humus Constituents Formed after Incubation with a
' Laccase from R, praticols
i reaction of molecular ion
K 3,4-dichioroaniline  of hybrid color of spot
i with: product, m/z oligomer suggested compositions R,in TLC® on TLC plate
. vanillic acid 403 trimer 2V + DCA - 2CO, - 2H 0.41 yellow
447 trimer 2V + DCA-CO, - 2H 0.41 yeilow
l 449 trimer 2V + DCA - CO, 0.41 yellow
! 463 trimer 2V¢ + DCA 0.41 yellow
- -560 tetramer 2V + 2DCA - 2CO, - 4H 0.35 orange
608 . tetramer 2V + 2DCA - CO, 0.35 orange
™ syringic acid 311 dimer Sy + DCA -CO, 0.65 yellow
) 313 dimer Sy + DCA - CO, 0.65 colorless
< 357 dimer Sy + DCA 0.71 yellow
&S . 617 tetramer 38y + DCA - 3CO, 0.71 yeliow
. h protocatechuic acid M trimer 2Prot + DCA - 2CO, 0.56 gray
P 428 trimer Prot + 2DCA - CO, 0.56 gny
N 4 4 569 tetramer- Prot + 3DCA - CO, 0.84 green brown
Pty ferulic acid 501 trimer 2Fer + DCA - CO, 0.50 yeliow
1) ‘512 ‘trimer Fer + 2DCA 0.50 yellow
545 trimer 2Fer + DCA 0.60 light pink
603 tetramer 3Fer + DCA - 3CO, - 2H 0.93 yellow green

% DCA = 3,4-dichloroaniline, V = vanillic acid, Sy = syringic acid, Prot = protocatechuic acid, Fer = ferulic acid. ? Solvent:
chloroform:acetic acid (20:1 v/v). ¢ C,H,,0, (m/z 304; dimer of vanillic acid and methoxy-p-quinone; see ref 14).

Table V. Hybrid Products of [ U-*C]}-2,6-diethylaniline and Phenolic Humus Constituents Formed after Incubation with a

Laccase from R. praticols
reaction of molecular jon
2,6-diethylaniline of hybrid color of spot
with: product,® m/z  oligomer suggested composition® R, in TLC° on TLC piate
vanillic acid 418 trimer V + 2DEA - CO, 0.85 gy
syringic acid 299 dimer Sy + DEA - CO, 0.84 red
301 dimer 8y + DEA-CO, ~ 2H 0.84 colorless
protocatechuic acid 517 tetramer 3Prot + DEA - 2C0, 0.80 orange
533 tetramer Prot + 3DEA - CO, 0.76¢ orange
ferulic acid 445 trimer 2Fer + DEA - 2CO, 0.53 yellow

e All products contained radioactivity. ® DEA = 2,6-diethylaniline, V = vanillic acid, 8y = syringic acid, Prot = proto-
catechuic acid, Fer = ferulic acid. © Solvent: chloroform:acetic acid (20:1 v/v). 9 Solvent: hexane:ethyl acetate (8:2 v/v).

Table VII. Effect of Enzyme Concentration on the
Formation of Hybrid Dimer (m/z 299) of Syringic Acid
and 2,8-Disthylaniline

Table VI. High Resolution Mass Spectral Data of a
Hybrid Dimer (M* 299) Resulting from Croes-Linkage of
Syringic Acid and 2,6-Diethyianiline

. NINPIIES L7 7 VPR Pl ]

m/z possible possible  inten- “““m:f hybrid dimer m/z 299, ug/mL* ;‘f;i‘g m‘“""'
measd  caled  composition  fragment  sity, % sazyme, - > noss
po rag Y units/mL 20 min 90 min between times
299.1523 299.1521 C,H,NO, 100 0031 19.6:1.6 119.4:11.8° P<0.05
284.1289 284.1287 C,,H,NO, M*°-CH, 74.76 0.063 42.3: 3.6 197.3: 14.7° P < 0.01
268.1345 268.1338 C,,H,,NO, M’-CH,0 20.31 0.125 8481+ 8.2% 384.5: 258° P< 001
256.1331 256.1338 C,H,NO, M°-C,H,0 62.69 0.25  203.7: 14.4¢ 530.8: 24.3¢ P <001
240.1142 240.1151 C,H,O, M: -C,H,NO 2159 0.5 388.6: 24.82 7289: 37.4° P< 0.01
226.0951 226.0985 C,H,0, M*'~-C,H,NO 8.68 1 5778+ 209* 863.3: 482! P < 0.01
2 776.9 ¢ 43.0! 864.0  47.9' not significant
and three 2,6-diethylaniline molecules, and high-resolution 3 866.1 + 50.8% 862.1 : 38.4! not significant
mass measurement of the tetramer yielded an elemental ¢ Values in the column for a given time labeled with the
composition of CyH;NyO (calculated 533.3406, found same letter are not significantly different at 0.05 level by
533.3390) (Figure 4). The prominent peaks st m/z 518

and m/z 504 corresponded to the loss of CH, resulting in
an elemental composition of CyuHN,O (calculated
518.3172, found 518.3178) and the loss of C,H; resulting
in an elemental composition of CyHygN;O (calculated
504.3001, found 504.3008), respectively. The NMR spec-

trum of this compound allows the assignment of structure’

E to this tetramer (Table III).

Effects of Enzyme and Substrate Concentration on
the Formation of the Hybrid Dimer N-(2,6-Diethyl-
phenyl)-2,6-dimethoxy-p-benzoquinone Imine (m /2
299) Formed from Syringic Acid and 2,6-Diethyl-
aniline. Previously we have lbowﬂ ; Bom

Duncan's muitiple range test. Each value is the mean &
SE of three replicates. .

can be polymerized by a laccase, and various oligomers
ranging from dimers to hexamers have been produced (15).
In this study, we noted that in the presence of the laccase
most of the syringic acid was coupled with 2,6-diethyl-
aniline through an imine linkage to form a hybrid dimer,
while little syringic acid was polymerized to higher oli-
gomers. :
The concentrations of the enzyme and the two sub-
strates were important factors affecting the rate of hybrid
dimer formation. There was a clear correlation between
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Figure 1. Mass spectra of hybrid products between syringic acid and
t-chioroanline (A), 3,4-dichioroaniine (B), and 2,8-disthyianiine (C).

enzyme concentration and yield of the dimer (Table VII).

When the dimer was incubated for 20 min, its yield dif-

fered significantly at enzyme concentrations ranging from

0.125 to 3 units/mL, but no significant differences were

between 0.031 and 0.063 units/mL or between

and 0.125 units/mL; maximum yield was obtained
enzyme concentration of 3 units/mL.

Prolonged incubation of 90 min reduced the differences
in hybrid dimer production at various enzyme levels. The
yields of the dimer were significantly different at enzyme
concentrations ranging form 0.031 to 1 unit/mL, and

mazimum yield was obtained at eﬁzgnﬁeglgnro'ﬁou

of 1 unit/mL.

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 ug/mlL at the

- lowest enzyme concentration (0.031 unita/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 maximum yield at
higher enzyme levels.

It is apparent that maximum dimer yield was dependent
on the combination of concentrations of the two substrates
(Figure 5). The yield of hybrid dimer increased with
increasing syringic acid concentration. Syringic acid above
500 ug/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 ug/mL were significantly different at
p < 0.05, but no differences were observed at concentza-
tions between 500 and 750 ug/mL. Hybrid dimer forma-
tion increased with increasing amounts of 2,6-diethylaniline
(up to 375 ug/mL in the presence of 125 and 250 ug/mL
of syringic acid), and it decreased gradually at higher
2,6-diethylaniline concentrations. If the aniline concen-
tration was higher than 500 ug/mL, an inhibitory effect
on the production of the hybrid dimer was chserved, and
this phenomencn 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 ug/ml..

Discussion

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 approeched through
models that allow the determination of accurate molecular
configurations (16). 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
praticola between substituted anilines, which are break-.
down products of many zenobiotics, 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-
dichlorophenol was first oxidized by the fungal enzyme to
various halogenated quinones (19), which reacted chemi-
cally with different anilines. A similar assumption was
made in the present investigation. The cross-coupling
products detected constituted dimers between a quinone
from a carboxyphenol and an aniline (Figure 2). Subse-
quently, the dimer could be reduced or further coupling
reactions could take place.

Depending on the enzyme concentration and the length
of incubations, the hybrids produced varied. Our obser-
vations with use of more enzyme units and longer incu-
bation times always resulted in the formation of high
molecular weight oligomers or polymers, which made the
identification of products difficult if not impossible. In
this study, the hybrids obtained were the solvent-ex-
tractable compounds, and we did not attempt to analyze
the water-soluble hybrids.

There were inherent differences in the reactivities of the
carboxyphenols, which affected the cross-coupling reac-
tions between them and anilines. It was not surprising that
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vanillic acid formed various hybrid products with anilines
because a variety of oligomers were formed when vanillic
" acid alone was reacted with the laccase (14). However, it
was rather unusual that relatively few hybrid producta
mobhmedwhen:ynnacmdmeouphdmththo

syringic acid-enzyme reactions (15).

(A} msz 277

m/z 279
Q oM
s il ¢ u
Qa QCI
a 4]
(B) msz 31 m/z 313
oM

|

(C) msz 299 m/2
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Figwre 3. Mass specrum of & Weiramer resulting from cross-coupiing between 4-chioroaniine and protocatschuic acid. - ,

coupled with 2,6-diethylaniline. In this reaction, a qui
dimer (m/z 299) was produced and accumulated.
eompound was resistant to further oligomerization, an
this is very likely due to the steric hindrance of further
nuclesr attack by the ethyl groups and the additions!
methoxy group. The yield of hybrid dimer (m/z 299) was

concentrations
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Figure §. Effect of syringic acid and 2,6-disthylaniine concentrations on the formation of the hybrid dimer N <{2,8-disthyiphenyl)-2,6-dimethoxy-
p-benzoquinone Imine (m/z 209). Bars indicale standard error of the mean of Yres repicates.

1t specific enzyme and substrate concentrations was ap-

imately 86%. .
.e hybrids identified show that the binding of an an-
to a quinone often occurs via bond formation between
the nitrogen atom and an aromatic ring carbon resuiting
in the formation of an imine (anil). This observation has
been made previously during the transformation of anilines
originating from pesticides. Briggs and Ogilvie (20) re-
ported that 3-chloro-4-methoxyaniline, the parent amine

phenyl)-N,N-dimethylurea), was oxidized in a soil slurry
or in a peroxidase assay to 3-chloro-p-benzoquinone 4-(3-
chloro-4-methoxyanil). Iwan et al. (13) extracted two
monoimine-type compounds as well as an azo0 derivative
from soil, which was incubated with 4-chloro-o-toluidine.
The formation of an anil was also suggested by Hsu and
Bartha (7) and Parris (8) in their studies on the binding
of anilines to humic compounds.

While Briggs and Ogilvie (20) and Iwan &t al. (13) found

of the herbicide metoxuran (N “(3-chig ¥ \nfiigial- | 7 the imine generated in soil samples to be a resuit of the
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coupling of two aniline molecules, our xnvestxgatlon pro-
vided evidence for cross-coupling of a quinone derived from
a humus constituent and an aniline. It appears that the
likelihood of extracting from the s0il an imine-type com-
pound composed of a soil phenolic constituent and an
mﬂxnenmmou,mmchamuphngprodmtwwld
be quickly incorporated into the matrix of organic matter.
This would explam the relatively fast and strong bmd.mg
of anilines in the soil. The results from these in vitro
experiments serve as 8 model for demonstrating and ex-
plaining an important process occurring in the soil envi-
ronment.
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Dihaloacetonitriles in Drinking Water: Algae and FulvicAcid as Precursors

Barry G. Olfiver

Environmental Contaminants Division, National Water Research Institute, Caneda

Ontario, Canada L7R 4A8

@ Ten chlorinated drinking water samples from diverse
locations in southern Ontario have besn found to contain
gi,l.xlﬂoacet(onitrilu, Dl-::gl)’:.nd All samples contained
CLCN (range 0.3-8.1 some samples contained
CHB:CICN (range not detected to 1.8 ppb). The average
molar DHAN concentration was about 10% of the average
molar trihalomethane, THM, concentration. Aqueous
&m exp:;mnh m;ud on nqum:nféxlvw
two species algae (a blue-green a
showed that these mteruh yielded DHAN's under £on-
ditions similar to those used for water treatmen

Introduction
) The presence of dihnloccetomtnlu, D

101 and hydrolyze at elevated te atures and pHs (1)
Trehy and Bieber (2) showed shat dichloroacetonitrile,
CHCIL,CN, was produced in yield from the aqueous
solution chlorination of ami

for Inland Waters, Burfington,

and havy’proposed a reaction mechanism. When bromide
was agded to the amino acid/chlorine solution at the start
of reaction, a mixture of dichloroacetonitrile (CH-
CI(CN), bromochloroacetonitrile (CHBrCICN), and di-
moacetonitrile (CHBr,CN) was produced. CHCL,CN
been shown to be mutagenic in bacterial assays (4),
50 the presence of these compounds in drinking waters
would appear to be undesirable.

To date, most investigators of chlorination byproducts
have focused their attention on the trihalomethanes,
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
by chlorinating aquatic humic substances and algae under
conditions used for water treatment.

Experimental Section
CHCLCN and CHBr,CN were purchased commerically
from ICN Pharmacuticals Inc. CHBrCICN was synthes-
ized by reacting cyanoacetic acid with an equimolar mix-
t.un of N-chlorosuccinimide and N-bron:nocuct:munIde
(proportions and reactions conditions of Wilt (10)). Thi

acxduuchumﬁs lrmcﬂony:eldodamNmofthmDHAN‘gwhxchcould

sanas HerEwY (R

PR 7 T T I T AT L BN




¥
"

APPENDIX B

QUALITY ASSURANCE PROJECT PLAN

23

AR306515



QUALITY ASSURANCE PROJECT PLAN

SUPPORT FOR DRAKE CHEMICAL NPL SITE
. WORK ASSIGNMENT 22410183

ENVIRONMENTAIL PROGRAMS

LOCKHEED ENVIRONMENTAL SYSTEMS & TECHNOLOGIES COMPANY
980 KELLY JOHNSON DRIVE
LAS VEGAS, NEVADA 89119

Contract Number 68-C0-0049

Prepared For

U.S. ENVIRONMENTAL PROTECTION AGENCY
ENVIRONMENTAL MONITORING SYSTEMS LABORATORY
OFFICE OF RESEARCH AND DEVELOPMENT
LAS VEGAS, NEVADA 89119

AR306516



APPROVAL OF QUALITY ASSURANCE PROJECT PLAN

Environmental Monitoring Research and Development Program
Lockheed Environmental Systems and Technologies

Date: Dec., 1993 QA ID No0.80-93-02-0 Work Assignment 22410183

J.R. Donnelly D £ Bt ‘L"3,"’3

Task Lead Signature ~ Date

_ D.R. Youngman M%W [ 2. /-2_57/79
QA Coordinator SigfAhatur Date —

>D.C. Hillman RQ?LK_/ \2}‘3/6“3

Department Manager Signature Date

K. W. Brown M% L /7,2 /2 b/@

EPA-WAM Signature / Date
L.R. Williams
EPA-QA Officer Signature Date

ii

AR306517



NOTICE

Although the information in this document has been funded
wholly or in part by the United States Environmental Protection
Agency under Contract No. 68-C0-0049 to Lockheed Engineering and
Sciences Company, it does not necessarily reflect the views of
the Agency and no official endorsement should be inferred. This
document is intended for internal Agency use only. Mention of
trade names or commercial products does not constitute
endorsement or recommendation for use.

iii

AR3063518




CONTENTS

INTRODUCTION . . . . . . .
1.1 OVErVIew . . &« « & o« o o s o o o o o o @
1.2 Experimental Design . . . . . . . . . . .
1.2.1 Sample Extraction Strategy . . . .

1.2.2 Analytical Procedures . . . .
1.2.2.1 Fluorometric Determlnatlon

1.2.2.2 HPLC - Fluorometric or Diode Array

Detection . . . . . . .+ . .
.3 GC/(HR)MS . . . . . .
«.4 HPLC/MS . . + « « & & &

. - . . . L] L] L] - .

1.2.2
1.2.2
1.3 Schedule

QUALITY ASSURANCE OBJECTIVES . . .

SITE SELECTION AND SAMPLING PROCEDURES . .

ANALYTICAL PROCEDURES AND CALIBRATION . .
4.1 Site-Specific Background Soil Matrix .
4.2 Sample Preparation . . . . . . .
4.3 Sample Extraction . . . . . .« ¢« ¢« « & .+ .

4.3.1 Sonication Extraction . . . .

4.3.2 Cleanup of Method 3550 Extracts .
4.3.3 Sonication Extraction into Aqueous
4.3.4 Cleanup of Acid Extracted Solutions
4.4 Analytical Measurements . . . . o e e s
4.4.1 Dispersive Fluorescence Detectlon
4.4.2 Synchronous-Scanning Fluorescence

Detection . . . . ¢« ¢« . ¢ ¢« « « . .
4.4.3 HPLC with Fluorescence, UV-Vis, or
Array Detection . . . . . . ¢ . . .
4.4.4 HPLC with MS Detection . . . . . .

DATA VALIDATION, REDUCTION, AND REPORTING . .

INTERNAL QUALITY CONTROL CHECKS . . . . .
6.1 Blanks . . . . . . . . .
6.2 Duplicates . . . . . . . .

PERFORMANCE AND SYSTEMS AUDITS . . ¢« « ¢ o« « o
CALCULATION OF DATA QUALITY INDICATORS

8.1 Completeness . . . . . .
8.2 ACCUYACY « + « « « o o o o o o
8.3 Precision . . . ¢« ¢ v 4 ¢ o o

8.4 Detection Limits . . . .

e a o &
e o s
e e o o

iv

AR306519

Diode

OB PWWNN R

[o)]

O WYV WWWONOmOmOon ~

-

11
12

14

14
15
15

15

15
16
16
16
17



9.0
10.0

11.0

CORRECTIVE ACTIONS . . . . . . . . . .
QUALITY CONTROL REPORTS TO MANAGEMENT

REFERENCES . . . . . . .+ ¢ ¢ « « .« .

AR306520

17

17

18




QAO 90-93-02
Date: 12/93
Revision: 1
Page 1 0of 18

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 f-naphthylamine at the site above the
cleanup goal level, and the presence at very high levels in
certain lagoons.

(4) 1identify 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 B-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 (detectlon 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;
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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, 4,-8-
naphthylamine, will be used for more accurate quantitations and
to allow a sample-specific measurement of recovery. Partial
separation (ca. 50% valley) of deuterated B-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 B-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.

AR30652Y




oo QA0 90-93-02
Date: 12/93
Revision: 1
Page 5 of 18

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 Site Char. Dept.
Field Meth. Sect. QA Coordinator:
Site Char. Dept. Vicki Ecker.
Phil Malley {702)897-3207 Project QA
Coordinator:
D.R. Youngman

LESAT Technical Task Lead Sci. Supervisor

Chemistry Dept. Site Char. Dept.

Joe Donnelly Jim Pollard
GC/HRMS Chemist Site Char. Dept.
Andy Grange ' Audit Staff

Fluorescence Chemists HPLC/MS, HPLC/FD

DelLyle Eastwood, Nelson Chemist: Chris Pace

Herron

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 d,-f-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

AR306526




QAOQ 90-93-02
Date: 12/93
Revision: 1
Page 7 of 18

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)
W l

Required method detection 55 ppb

limit

Ideal method detection limit 1 ppb

Duplicate sample results + 50%

Blank samples analytes ND at required MDL

Recovery of spiked analyte 25%-125%

Extract cleanup quality 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 (d,-B8-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, HRMS
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 (QAPJjP and reports generated
under J.0. 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
m-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 S-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 4,~8-

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

AR306530




QAOQ 90-93-02
Date: 12/93
Revision: 1
Page 11 of 18

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 absorbance 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 uL). 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
pL 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.C.) 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 l-aminonaphthalene or
acenaphthene-d,, 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.C. 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 = (R, * Mg)/(Rg * M,) ()
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where

Ras Rgg Response of analyte and internal standard,
respectively

M,, Mg Mass of analyte and internal standard,
respectively

The acceptance criteria for the I.C. 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.C. 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.C. 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.C. 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-d,, as recommended in SW-846 Method 8270 will be
suitable.

The %RSD acceptance criteria for the I.C. 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.C. 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 I.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 ug/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 progran.
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
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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) o (2)
where:

%C = percent completeness

\' = 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:

AR306536



QAO 90-93-02
Date: 12/93
Revision: 1
Page 17 of 18

$D = 100(C, - GC,) / (C, + ) /2

where:
%D = relative percent difference
o = larger of the two observed values (or %
recoveries)
C, = 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 OQUALITY 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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