for studies of hot spots—regions on the
earth’s surface of intense intraplate vol-
canism.
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Slowly Dechlorinated Organic Chloramines

Abstract. Dechlorination of some organic chloramines with aqueous sulfite
solutions does not take place instantaneously as previously assumed. Field dechlori-
nation times on the order of hours for some compounds that are found in chlorinated
effluents appear likely on the basis of laboratory studies. These chlorinated com-
pounds are not detected by standard analytical methods in the presence of sulfite

on.

Chlorinated effluents from electric
power plants or sewage treatment plants
have the potential to adversely affect the
aquatic biota of the receiving water body
(1). One approach to the control of
chlorinated effluents is the use of chemi-
cal dechlorination, which usually con-
sists of the addition of sulfur dioxide or
sodium bisulfite (NaHSO;) to the efflu-
ent to degrade the oxidizing chlorine
species to chloride ion. The conventional
wisdom has held that, provided proper
mixing is achieved, the reaction is quan-
titative and virtually instantaneous (2).
We have found that at least some of the
organic chloramines that form in chlori-
nated effluents react relatively slowly
with aqueous SO;*~ under environmen-
tally meaningful conditions. Further-
more, with the present analytical tech-
niques it is not possible to detect these
compounds in the presence of excess
unreacted dechlorinating agent. The ex-
tent and environmental significance of
these slowly reacting compounds is pres-
ently unclear.

A significant proportion of the nitro-
gen compounds in many chlorinated ef-
fluents contain amino nitrogen groups.
They are found in the N-terminal groups
of amino acids and peptides, the amine
nitrogens of peptides, and the alkyl
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amine groups in the side chains of such
amino acids as lysine (3). The N-terminal
amino groups and the alkyl amines readi-
ly react with hypochlorous acid (HOCI),
formed by the hydrolysis of chlorine gas
or sodium hypochlorite (NaOCl), to give
chloramines (4). In the course of studies
of the reaction chemistry of these com-
pounds, we found that at concentrations
expected to be found in effluents
(~ 107°M), the reaction

RNHCI + HSO;~ + H,0 —

RNH, + SO~ + CI” + 2H® ()
is relatively slow (R is an organic molec-
ular fragment).

We have investigated the kinetics of
Eq. 1, using several different organic
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chloramines at 25°C. We followed the
reactions by taking periodic aliquots of
the reaction mixture and analyzing them
according to the fluorescamine fluoro-
metric method (5) to measure the con-
centration of the primary amines formed
by the reaction of the chloramines with
the aqueous SO;2”. This procedure is
based on our observation that chlora-
mines do not react with the fluoresca-
mine reagent to form a fluorescent prod-
uct. The fluorescence was measured
with a fluorometer (Turner model 111).
The reactions were carried out under
conditions of excess SO;%~ so that the
reaction would obey pseudo-first-order
kinetics. The monochloramine in all
cases was formed by the reaction of the
amine with an equimolar solution of
NaOCl] at concentrations of 3 to 11 uM
for 5 minutes. Sodium sulfite was then
added to achieve an initial molar ratio to
chloramine of from 3:1 to 30:1 in the
reaction mixture. The pH was controlled
with 0.02M phosphate buffers, and the
temperature was regulated to = 0.1°C.

If Eq. 1 is first order in the chloramine
and in total SO;27, the rate of appear-
ance of the amine can be described by
the equation

diAl _
o = MSICLA] ©)

where [A] is the concentration of the
amine (in moles per liter), [S] is the
concentration of total SO, [CLA] is
the concentration of chloramine, and & is
the rate constant (in liters per mole per
minute), The solution of Eq. 2 under the

assumptions of constant [S] and
[CLA)y = [A], is
A
1 Al exp(—k[S]) 3)

where [CLA]y is the initial concentration
of chloramine and [A], is the sum of
concentrations of chloramine and free
amine. The pseudo-first-order rate con-
stant (k' = k[S]) can then be calculated
using the method of least squares to fit
the data on In(1 — [A)/[A]y) versus time.
We determined &' in this way for varying
conditions of [A]y, [S], and pH for the
chloramine N-chloroalanylalanylalanine.
The results showed that &' is indepen-
dent of [A], and varies linearly with [S].
These results confirm the assumption
that Eq. 1 is first order in [CLA] and [S].
The second-order rate constant is then
obtained by dividing k' by [§]. Figure 1

Fig. 1. Second-order rate constant of the
reaction of N-chloroalanylalanylalanine at
25°C as a function of pH.
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summarizes the results of these calcula-
tions as a function of pH. The shape of
this curve and the location of the inflec-
tion point suggest that the pH depen-
dence is caused by a difference in the
reaction rate of HSO;™ and SO3%~ since
the pX of this equilibrium is 7.20 (6).

The measured rate constants (in liters
per mole per minute X 1074 for several
representative organic chloramines at
pH 7 and 25°C are as follows: methyl-
amine, 26; N-a-acetylysine, 13; alanine,
7; leucine, 14; and N-chloroalanylalanyl-
alanine, 0.5. The rate constants for the
other amines are greater by at least an
order of magnitude than that for the N-
terminal amino group of the peptide.

We also conducted several experi-
ments in which N,N-dichloroalanylala-
nylalanine was prepared by the addition
of NaOCl at a molar ratio of NaOCI to
peptide of more than 7:1. After addition
of excess SO;*7, the rate of reappear-
ance of the peptide was the same as that
seen in the case of the monochloropep-
tide. We interpret this as a stepwise
reaction in which one chlorine is reduced
very rapidly and the remaining mono-
chloropeptide reacts as usual.

The reaction of organic bromamines
with aqueous SO;%~ is also of interest
because they are formed during the chlo-
rination of estuarine and marine waters
(7). We have found that, in contrast to
the case for the organic chloramines, N-
bromoalanylalanylalanine reacts com-
pletely with SO;2~ within 15 seconds.

Earlier attempts to detect these stable
residuals with the standard analytical
techniques such as the amperometric
and  N,N-diethyl-p-phenylenediamine
methods (&) were unsuccessful when ex-
cess SO;°~ was present. This observa-
tion appears to be due to the fact that
these methods measure chloramines by
first reacting iodide with the chloramine
to form iodine. The iodine is then the
species that is determined. However, in
the present case the iodine reacts with
the excess SO;*~ to form iodide and
sulfate. The apparent result then is that
no chloramine is present.

The consequence of this interference
with the standard analytical methods and
the surprising stability of some organic
chloramines to reduction by SO;*~ is
that an unknown concentration of oxi-
dizing residual is present in chlorinated
effluents even after chemical dechlorina-
tion. Under some circumstances these
residuals could be quite long-lived. For
example, the half-time of the reaction
between a solution of 107} N-chloro-
alanylalanylalanine and 107} SO, at
pH 7 and 25°C is approximately 3 hours.
Whether this finding is of any environ-

mental significance remains to be seen as

the impact is dependent on the actual

amounts of these types of compounds

formed during chlorination and their po-

tential toxicities to aquatic organisms.

WiLLiam D. STANBRO

MicHAEL J. LENKEVICH
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Role of Natural Colloids in the Transport of

Hydrophobic Pollutants

Abstract. The sorptive properties of natural estuarine colloids were investigated,
with the herbicides atrazine and linuron used as model pollutants. Linear Freundlich
adsorption constants for atrazine and linuron were 1850 and 6750, respectively.
These high values indicate that natural colloids have the potential to be important
substrates in the transport of hydrophobic contaminants in aquatic environments.

The fate of organic¢ pollutants in natu-
ral waters depends in part on the sorp-
tive behavior on sediments and suspend-
ed particulates. In addition to affecting
the mobility of the pollutants, sorption
may directly contribute to the degrada-
tion of chemicals by surface-associated
chemical and microbial processes (7).
Hence, sorption equilibria are important
parameters in assessing the environmen-
tal fate and toxicological impact of or-
ganic pollutants in aquatic systems. Al-
though the role of natural colloids in the
transport and toxicity of metals has long
been recognized (2), the corresponding
quantitative studies on trace organic spe-
cies are absent from the literature. Thus,
a key link in our understanding of the
transport, persistence, and toxicology of
organic pollutants is missing. We present
here what we believe are the first quanti-
tative data for the sorption equilibria of
the widely used herbicides atrazine and
linuron on estuarine colloidal material.
In addition, physical parameters, such as
pH and salinity, that control sorptive
behavior on these substrates are dis-
cussed.

Natural water samples (20 liters) of
various salinities (1 to 19 per mil) were
collected at 0.5 m below the surface in
Chesapeake Bay from stations on the
Choptank and Patuxent rivers in Mary-
land. We filtered the samples through
prewashed 0.45-pum Millipore filters to
remove suspended particulate material
and concentrated them by ultrafiltration,
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using an Amiicon model H;Ps hollow
fiber system having a nominal molecular
weight cutoff of 5000. Sample volumes
were reduced approximately 50-fold, and
the result was an enriched colloidal frac-
tion. This fraction was divided into sev-
eral 50- to 70-ml portions, and 1 liter of
ultrafiltrate containing a known amount
of atrazine or linuron was added to each.
The spiked samples were equilibrated in
a shaker for 18 hours at 20°C and then
recirculated through the hollow fiber
system to separate the colloidal and ul-
trafiltrate (dissolved) fractions. The hol-
low fibers were rinsed with about 20
ml of distilled water to ensure complete
removal of the enriched colloidal matter.
We determined the herbicide contained
in each fraction by high-performance lig-
uid chromatography on a pBondapak-
phenyl column (300 mm by 2.1 mm in-
sidé diameter), using an isocratic mix-
ture (constant mixture of two solvents
with different solubility parameters) of
acetonitrile and water (35:65) at a flow
rate of 1.5 ml/min. The column effluent
was passed through an ultraviolet detec-
tor set at a wavelength of 254 nm.

The organic carbon content of the en-
riched colloidal fraction was measured
on an Oceanography International ana-
lyzer (Table 1). Resilts on blanks indi-
cated that less than 2 percent of the
carbon in the samples was due to materi-
al from the Millipore filters. Estuarine
colloidal matter has been characterized
(3) as a proteinaceous-carbohydrate
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