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Dimethylamine was formed from trimethylamine in soils of different pH
values. The rate of disappearance of the secondary amine from soil was affected
by pH and was markedly reduced under anaerobiosis. The accumulation of
dimethylamine in cultures of Micrococcus sp. provided with trimethylamine
depended on the nitrogen sources available to the bacterium but was not greatly
influenced by the C-N ratio of the medium. Dimethylamine and nitrite accumu-
lated in large amounts at pH 6.0 to 8.0 in cultures containing the tertiary amine
and nitrate, but dimethylnitrosamine was apparently not produced.

The N-nitrosamines represent a class of
chemicals that can be carcinogenic as well as
teratogenic in low concentrations. Ayanaba
and Alexander (1) and Ayanaba et al. (2, 3)
have shown that these toxicants are generated
in samples of soil, lake water, and sewage so
that a potential exists for the formation of such
hazardous compounds in natural ecosystems.
Of considerable environmental importance also
is the finding that these carcinogens, once
formed, are quite stable (15). Thus, if the ni-
trosamines were produced, they could persist
sufficiently long to reach drinking or recrea-
tional waters, to be retained on the surfaces of
root crops, or to be assimilated by higher
plants. Indeed, it has recently been postulated
that the increased rate of occurrence of gastric
cancer in at least one community is linked with
high nitrate levels in its public water supply,
the nitrosamines generated from the nitrate,
via nitrate reduction, presumably being the re-
sponsible carcinogen (7). Because nitrate syn-
thesis and accumulation are widespread in aer-
ated soils, it is likely that a major limiting
factor for the formation of nitrosamines is the
production of the secondary amine rather than
the inorganic nitrogen precursor. These amines
could arise in the decay of plant material or
through the use of certain pesticides (5, 14),
which are or can be transformed to yield sec-
ondary amines.
The present study was conducted to establish.

some of the factors affecting the accumulation
of one secondary amine, dimethylamine
(DMA), that might occur in nature during the
degradation of a simple tertiary amine, tri-
methylamine (TMA), found naturally in some
higher plants and fungi (11) as well as in fish.

I Present address: Agricultural Research and Education
Center, P. 0. Drawer A, Belle Glade, Fla. 33430.

MATERIALS AND METHODS
The four soils tested were Hudson Collamer silt

loam (pH 4.5), Langford channery silt loam (pH
5.2), Williamson silt loam (pH 6.8), and Lima loam
(pH 7.0). Their organic matter levels were 1.8, 4.1,
1.6, and 3.6%, respectively. For some studies, the pH
of the Williamson silt loam was adjusted by the
addition of 0.1 N sulfuric acid; the soil was then air
dried, the moisture level was adjusted to 40% (wt/
wt), the sample was incubated for 3 weeks to allow
the microbial community to adjust to the new pH,
and then the soil was dried in air.
To investigate TMA or DMA metabolism in soil,

air-dried soil was passed through a 1.0-mm sieve
and placed in test tubes (15 by 1.5 cm). The various
amendments were introduced, the moisture content
of the soil was adjusted to approximately 40% by
weight, and the samples were incubated at 23 C. In
studies involving anaerobic conditions, 1.0 mg of
glucose was added per g of the samples, and anaero-
biosis was maintained by means of GasPak anaero-
bic systems (BBL). At intervals, the soil was ex-
tracted with 1 N CaCl2, and the particulate matter
was removed by centrifugation at 10,000 x g for 10
min. This procedure gave quantitative recovery of
the amines tested. Secondary amines were obtained
from this extract by steam distillation (6). A mini-
mum of three samples was prepared at each inter-
val.

The DMA concentration in the steam distillates
was determined by the colorimetric method of Pribyl
and Nedbalkova (9). The identity of the amine was
verified by gas-liquid chromatography (14) or by
thin-layer chromatography. For thin-layer chroma-
tography, the amines were separated in a solvent of
butanol-acetic acid-water (80:20:20), and the second-
ary amines were detected with nitroprus-
side(sodium)-acetaldehyde spray (13). Nitrite was
detected colorimetrically by the method of Mont-
gomery and Dymock (8), and nitrosamines were
measured by the procedure of Daiber and Preuss-
mann (4).
The inorganic salts solution previously described

(15) was amended with appropriate levels of filter-
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sterilized carbon sources in order to grow the test
organisms. The pH ofthe solution was varied by use
of 0.05 M potassium phosphate buffer of the appro-
pariate pH in place of the original buffer.

Micrococcus sp., a soil isolate obtained from Wil-
liamson soil by enrichment culture with TMA as the
sole carbon source, was provided by Suzanne H.
Atkin. The organism was grown at 30 C with shak-
ing in 500-ml Erlenmeyer flasks containing 150 ml of
medium. Growth was measured by determining the
optical density at 540 nm. For DMA analysis of the
culture, the cells were removed from the liquid by
centrifugation, and the supernatant fluid was then
steam distilled. The culture was identified by stand-
ard methods (10, 12).

RESULTS
To study the formation of DMA from TMA in

soil, Williamson silt loam at two pH levels and
Hudson Collamer silt loam were amended with
1.0 mg ofTMA per g of soil. At intervals during
the incubation period, samples of the soil were
extracted and analyzed for DMA. As shown in
Fig. 1, DMA accumulated in each of the soils.
The maximum concentration was nearly 70 ,ug/
g in the Hudson Collamer silt loam. Surpris-
ingly, the yield was appreciably greater in Wil-
liamson silt loam at the acid than at the near-
neutral pH value. The secondary amine was
then further degraded, and none was detectable
at 21 days in any of the soils.

HUDSON COLLAMER
SILT LOAM (pH 4.5)
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40-
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FIG. 1. Accumulation of dimethylamine in Wil-
liamson silt loam, pH 6.8 and 2.7, and Hudson Col-
lamer silt loam, pH 4.5, amended with 1.0 mg of
trimethylamine per g of soil.

The accumulation of secondary amines in na-
ture is governed not only by their rate of syn-
thesis but also by the rates of their degradation.
The rate ofDMA decomposition was assessed in
soils with different pH values. DMA was me-
tabolized in samples of all the soils tested. In
the Williamson silt loam adjusted to different
pH values, the rate and extent of DMA disap-
pearance decreased as the acidity increased
(Fig. 2). In the three other soils, the disappear-
ance was slowest in Hudson Collamer silt loam
(pH 4.5) and was more rapid in Lima loam (pH
7.0) and Langford channery silt loam (pH 5.2).
Thus, pH appears to have an effect on the rate
of loss, the disappearance being slowest in acid
soils, but soil constituents probably are impor-
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FIG. 2. Disappearance of dimethylamine from
soils of varying pH. The Williamson soil was ad-
justed to the pH values shown.
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tant in governing the rate of loss.
Anaerobiosis also had a significant effect on

the stability ofthe secondary amine in soil (Fig.
3). Although DMA was metabolized in William-
son silt loam in the presence and absence of
oxygen, the process was markedly retarded un-
der anaerobiosis.
To study the factors affecting the microbial

formation of DMA, Micrococcus sp. was grown
in a medium containing 0.20% TMA or glucose
as carbon source and 200 ,ug of N/ml as ammo-
nium, nitrite, or nitrate. The organism could
use the three inorganic ions as nitrogen
sources. The amount ofDMA accumulating in a
medium containing TMA varied from 67 to 355
,g/ml, depending upon the nitrogen source
(Table 1). The concentration ofDMA was meas-
ured at 24 h, which was in the late exponential
phase of growth. No DMA accumulation oc-
curred when glucose was substituted for the
TMA in the growth medium so that the second-
ary amine seems to be derived from the tertiary
amine.
The kinetics ofDMA production by Micrococ-

cus sp. was observed in the salts solution sup-
plemented with 0.4% (wt/vol) TMA, 0.025%
yeast extract, and 0.1% (NH4)2SO4. Little accu-
mulation of the secondary amine occurred dur-
ing the phase of active growth (Fig. 4). DMA
appeared in substantial amounts during the
late exponential phase and reached a maxi-
mum of approximately 2.0 mg/ml in the early
stationary phase. The decrease in DMA con-
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FIG. 3. Effect of anaerobic conditions on dimeth-
ylamine disappearance from a Williamson silt loam.

TABLE 1. Effect of carbon and nitrogen source on
dimethylamine formation by Micrococcus sp.

Carbon source Inorganic nitro- Dimethyl-gensource ml)

Trimethylamine Nitrite 355
Nitrate 174
Ammonium 67

Glucose Nitrate 0

I
N.

a

HOURS

FIG. 4. Accumulation of dimethylamine during
growth of Micrococcus sp.

centration after 24 h of growth probably re-
sulted from the ability of the organism to use
DMA as a carbon source.
Because pH is important in nitrosamine for-

mation, spontaneous nitrosation being en-
hanced under acidic conditions, the effect of
this parameter on DMA accumulation was
measured. Micrococcus sp. is also capable of
reducing nitrate to nitrite so the effect ofpH on
this reaction was also observed. The growth
medium consisted of the salts solution supple-
mented with 200 ,ug of nitrate-nitrogen/ml and
4.0 mg of TMA/ml and adjusted to various pH
values. Growth, DMA and nitrite levels, and
the pH of the medium were measured at 24 h.
No significant change in the pH of the growth
medium occurred during the experiment. The
results showed that the maximum yields of
DMA and nitrite were at pH 6.5 (Fig. 5). No
change in the cell yield was evident at higher
pH levels, but the amount of DMA and nitrite
formed decreased at neutral or slightly alkaline
pH values. Nitrosamine was not detected in
any of the samples, showing that this bacte-
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TABLE 2. Effect of the carbon-nitrogen ratio on
dimethylamine accumulation by Micrococcus sp.

C-N ratio Dimethylamine (jg/ml)

60:1 831
24:1 882
12:1 726
6:1 814
3:1 955
1:1 838

1.2

4D

pH

FIG. 5. Effect ofpH on dimethylamine and nitrite
accumulation in cultures ofMicrococcus sp. growing
on trimethylamine and nitrate.

rium does not form the toxicant under these
growth conditions. A lower pH would be neces-
sary for spontaneous nitrosamine synthesis to
be significant.
The carbon-nitrogen ratio of culture media is

known to affect the yield of various nitrogenous
products. To determine the influence of varia-
tion of this ratio on the accumulation of DMA,
the micrococcus was grown in the salts solution
containing 0.4% TMA plus (NH4)2SO4 in con-

centrations to give carbon-nitrogen ratios from
60:1 to 1:1. Although some differences were
noted in the quantity ofDMA that accumulated
in 24 h (Table 2), the differences were probably
not significant since the standard deviation as-
sociated with the sampling, distillation, and
analytical procedure employed was 12%.

DISCUSSION
Secondary amines are known to be formed in

soils in the degradation of certain pesticides
(14), and data showing that nitrosamines some-
times accumulate indicate that the secondary
amine precursor is synthesized in sufficient
quantities and is of sufficient persistence to
allow for these potential carcinogens to be pro-
duced. The synthesis of nitrosamines in the
soils here used was not examined because for-
mation of these carcinogens in soil has already
been demonstrated.
An increase in the duration of the secondary

amine accumulation in nature could increase
the probability of nitrosamine formation. The
present data show that DMA loss is slow in

some soils and rapid in others, but acidity is not
the sole factor determining the rate of degrada-
tion. The studies of the micrococcus, although
not necessarily directly applicable to natural
ecosystems, suggest that the prevailing C-N
ratio may not affect the accumulation of the
secondary amine in the presence of TMA, al-
though the relative amounts of carbon and ni-
trogen frequently alter greatly the extent of
accumulation of nitrogenous metabolites.
Nitrosamines have yet to be detected in natu-

ral habitats, but conversely there has been no
significant effort to assess their occurrence in
soils and waters. It is likely that the detection
and identification of the trace quantities of
these compounds that may occur in such envi-
ronments will be quite difficult, but informa-
tion on the environmental conditions which
contribute to the build-up of their secondary
amine precursors will at least allow attention
to be focused on the more likely sites for toxi-
cant synthesis.
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