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Development of Diffusion-Precipitation Method to Determine
AVS Concentrations in Freshwater Sediments
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Abstract — A diffusion- precipitation method was developed to determine acid volatile sulfide
(AVS) concentrations in freshwater sediments. This method uses silver nitrate as a sulfide trap
solution and the concentration of trapped sulfide is determined gravimetrically. The proposed
diffusion - precipitation method is more rapid and less expensive than previously developed
purge—and-trap methods. Spiked sodium sulfide recoveries using this method (97 ~ 120%) were
similar with a previously developed diffusion—absorption method (93.8~115%) and about 20%
greater than a previously developed purge—and-trap method (74.6 ~ 105%). Detection limit of
this method (0.1 mole S g~!) was comparable with that of diffusion-absorption method (0.06
pumole S g-1) and purge—and—trap method (0.05~ 0.5 umole S g~ 7).
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INTRODUCTION

Acid volatile sulfide (AVS) is considered to be a major
binding phase controlling the bioavailability of some catio-
nic metals (i.e. Ag, Cd, Cu, Ni and Zn) in anoxic sediments
(Di Toro et al. 1990; Ankley 1996). Amorphous iron
monosulfide (i.e. mackinawite and greigite) are thought to
be the primary mineral components of AVS in uncontami-
nated sediments (Cornwell and Morse 1987). AVS and
simultaneously extracted metal (SEM) are operationally
defined as the sulfides volatilized and metals extracted,
respectively, from sediment by the addition of 1 N HCI (Di
Toro et al. 1990). Based on the AVS normalization model,
all sulfide binding sites will be occupied by dissolved
metals resulting in increasing metal bioavailability in the
pore water at SEM/AVS ratios> 1 (or mole difference
is >0), however, all dissolved metals should be bound in

sulfide binding sites resulting in reducing metal bioavai-
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lability at SEM/AVS ratios <1 (or mole difference is<0)
(Di Toro et al. 1990; Song 2002; Song and Breslin 2004).
AVS in sediment, therefore, is important to controlling
metal accumulation and toxicity in benthic invertebrates.
Determination of AVS typically has been performed
using a purge—and-trap method employing HCI to vola-
tilize the AVS and various absorbing media to trap the
generated H»S. The hydrogen sulfide can then be measured
using gravimetric techniques (Di Toro et al. 1990; Leonard
et al. 1995), colorimetric analysis (Allen et al. 1993),
specific-ion electrode analysis (Pesch et al. 1995; Boothman
and Helmstetter 1995), or gas chromatography with
photoionization detection (Casas and Crecelius 1994). The
diffusion method, as described by Brouwer and Murphy
(1994), employed a 15 x45 mm vial containing 3.0 mL of
SAORB (sulfide antioxidant buffer) inserted inside a 20 mL
vial, which was capped and placed on a rotary shaker for 60
min at 150 rpm. The sulfide in the SAOB was measured
with a sulfide ion electrode. This diffusion method was
modified from the original method developed by Hsieh and
Yang (1989), who acidified 10 g of wet sediment, trapped
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the evolved hydrogen sulfide in Zn acetate inside a closed
container, and then used an iodometric titration for sulfide
quantification.

Recently, Leonard er al. (1996a) modified the method of
Brouwer and Murphy (1994) as follows: a 30 mL vial was
glued with silicon adhesive sealant to the inside of a 500
mL glass jar which contained 5 g of wet sediment and 50
mL of 1 N HCI. The 10 mL of SAOB solution was placed
in the 30 mL vial, 25 mm above the bottom of the glass jar,
to allow better mixing through magnetic stirring of the
sediments. The diffusion methods have some important
advantages compared to the purge—and-trap method
including: 1) the method enables many more samples to be
analyzed in a day and thus time is saved (i.e. about 50
samples per day); 2) reduced cost of supplies and chemicals;
3) the experimental apparatus is simpler and easier to set
up; and 4) the recoveries and detection limits of AVS are
higher because AVS is analyzed within a closed system.

In this study a simple AVS determination method was
developed from a modification of the diffusion-absorption
method of Leonard er al. (1996a). Silver nitrate (AgNQ3)
was used instead of SAOB solution as a sulfide trap solu-
tion and analyzed AVS concentrations using a gravimetric
method instead of an ion-specific sulfide electrode in this
study. This method was referred as a diffusion—-precipitation
method to distinguish it from the diffusion~absorption
methods developed by Brouwer and Murphy (1994) and
Leonard et al. (1996a). Sulfide recovery and the detection
limit of the diffusion-precipitation method were examined
using sodium sulfide (Na>S - 9 H,0) and compared with
previously developed diffusion-absorption and purge -
and-trap methods.

METHOD AND MATERIALS

The diffusion—precipitation method utilizes HCI to vola-
tilize the AVS and trap the Ag,S in an AgNO; solution in a
closed system. Three to five grams of wet sediment which
were collected from Lake Ontario using grab sampler
placed on a 500 mL glass jar (Song and Breslin 1998) (Fig.
1).

Wet sediment (5 g) was dried at 65°C for 24 hours to
obtain sediment water content. Ten mL of 0.1 mM AgNO;

solution was poured into a 30 mL beaker. To allow the
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Fig. 1. Schematic diagram of the diffusion—precipitation method
apparatus.

beaker to be removed after the experiment, the beaker was
inserted in a polyethylene detachable holder that was glued
with silicon adhesive sealant inside the glass jar and placed
2 ¢cm above a sediment surface (Fig. 1). After pouring 50
mL of 1 N HC, the glass jar was immediately and tightly
wrapped with Parafilm™ to prevent the escape of H»S gas,
covered whole glass jar to prevent photo-reduction of Ag
and stirred on a magnetic stirrer for appropriate time.

The 30 mL beaker containing the trapped Ag,S was then
removed from the detachable holder. The precipitated Ag,S
was filtered using a pre—weighted polycarbonate filter (0.45
um). Sediment AVS concentrations were then normalized
with respect to sediment dry weight. Sulfide recoveries
were examined using various sodium sulfide (Na,S - 9
H,0) concentrations (2~20 umol) and AgNO3 concen-
trations (4 ~ 100 mmol L°1). Sulfide recovery was also

examined as a function of time.

RESULTS AND DISCUSSION

1. Determination of optimal conditions

1) Concentration of AQNQO3 trap solution and sulfide
recovery
Fourteen micromoles (14 pmol) of sodium sulfide
(NazS - 9 H;O) and 50 mL of 1 N HCI were placed into a
500 mL jar to examine sulfide recovery as a function of
AgNO; concentration. Ten milliliters (10 mL) of AgNO;
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trap solution was placed into a 30 mL beaker in the deta-
chable holder. The AgNO; concentrations examined ranged
from 4 to 100 mmol L-!. Results showed that sulfide
recoveries increased from 62% to 97% with increasing

AgNO; concentrations (Fig. 2). Sulfide recovery did not
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Fig. 2. Sulfide recovery (%) as a function of AgNOs concent-

rations (10 mL) in conditions of 14 umol sodium sulfide and
1 hour diffusion time.
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Fig. 3. Sulfide recovery (%) in various AgNOQO; trap solutions
(--@- :4mmol L, —m— :12 mmol L-!,—&— :25 mmol
L-1) as a function of sodium sulfide concentration for 1
hour diffusion time.

change significantly at AgNO3 concentrations greater than
25 mmol L1 (Fig. 2).

For various sodium sulfide concentrations (0.2~ 20
umol) the sulfide recovery ranged from 54 ~107% and
87~120% in 10 mL of 4 and 12 mmol L~! AgNO; trap
solutions, respectively, for a 1 hour diffusion time (Fig. 3).
However, sulfide recoveries were more increased to 97—
120% in 10 mL of 25 mmole L~! AgNO; trap solution for a
1 hour diffusion time (Fig. 3). In general, AVS concen-
trations in freshwater sediments are below 13 umol S g!
(corresponding with approximately 20 umol of trapped
sulfide in the AgNOs5 solution). Therefore, this method can
be used to determine AVS concentrations in freshwater
sediments with greater than 97% recoveries using a 10 mL
25 mmole L' AgNO;3 solution.

2) Diffusion time

An appropriate diffusion time of sulfide trap was
determined in fixed conditions of a 14 pmol sodium sulfide
solution and 10 mL of a 25 mmol L™! AgNOs trap solution.
Results showed that sulfide recovery varied from 70% at a
30 minute diffusion time to over 97% at a 1 hour diffusion
time (Fig. 4). Sulfide recoveries were not significantly
different after a 1 hour diffusion time (Fig. 4). These results

suggest that a 1 hour diffusion time is sufficient to trap all
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Fig. 4. Sulfide recovery (%) as a function of diffusion time in con-

ditions of a 14 umol sodium sulfide solution and a 25 mmol
L-! AgNO:j trap solution.
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Table 1. Comparison of sulfide recoveries (%) and detection limits (%) between some typical AVS determination methods and Diffusion—

Precipitation method in this study

Detection limits

Analytical method Detection method ~ Sediment amount (g)  Na,S recovery (%) (umol Sg-!) Reference
10~15 95~103 0.5 Di Toro et al. 1990
15~20 74.6 - Liber et al. 1996
Gravimetric 10 87 0.05 Peterson et al. 1996
10 72~81 - Carlson et al. 1991
Purge -and~trap 10 87 0.05 Leonard ef al. 1996b
2~7 90 - Chen and Mayer 1999
Colorimetric 1o 90 0.01 Allen et al. 1993
10 94 - Hare et al. 1994
Diftusion absorption lon-Electrod 5 109~115 0.06 Leonard ef al. 1996a
(SAOB) eetrode 1 93.8 - Brouwer and Murphy 1994
Diffusion precipitation : : . ~ i
(AgNO3) Gravimetric 2~5 97~120 0.1 This study

generated hydrogen sulfide in the conditions.

3) Method detection limits

Method detection limits were determined using 10 mL of
a4~25 mmol L~' AgNOx trap solutions for a 1 hour diffu-
sion time. Under these conditions, approximately 0.2 wmol
of sulfide was determined with a recovery ranging from
97~120% (Fig. 3). These recoveries correspond to a detec-
tion limit of approximately 0.1 umol S g~ based on 5 g of
wet sediment. Precipitation of AgCl(s) was not detected in
the trap solution when 50 mL of a 1 N HCI solution was

examined without sodium sulfide.

2. Comparison of recoveries and detection limits
with other methods

The range of sulfide recoveries using the diffusion-
precipitation method (97~ 120%) were greater than the
purge—and-trap method combined with gravimetric
(74.6~103%) and colorimetric (90 ~94%) analysis (Table
1). However, the range of sulfide recoveries using the
diffusion—precipitation method was comparable with the
diffusion-absorption method (93.8~115%) (Table 1). The
detection limit of the diffusion-precipitation method (0.1
umol S g7!) was similar with the detection limit of the
diffusion—absorption method (0.06 umol S g~!) and also
comparable with that of the purge—and-trap method (0.05
~0.5 umol S g7') based on the amounts of wet sediment
examined (Table 1). Basically, the diffusion—precipitation
method was a combination of the previously developed
purge—and—trap and the diffusion-absorption methods.

Therefore. the sulfide recovery and detection limit of the

diffusion—-precipitation method should be within the range
of the purge-and-trap and diffusion-absorption methods.
Previously developed purge and—trap systems were purged
with oxygen—free nitrogen before acidification of the
sediment (Di Toro ef al. 1990; Leonard er al. 1995).
However, Brouwer and Murphy (1994) observed no
significant difference in the quantity of AVS obtained with
or without a nitrogen purge. The diffusion of the H.S
released from the sediment and absorption on the buffer
solution (SAOB) likely proceeds much more rapidly than
the oxidation of HS by oxygen in the gaseous state
(Brouwer and Murphy 1994; Leonard er al. 1996a).
Similarly, the high recovery (97~120%) of sulfide by the
diffusion-precipitation method also suggests that the
precipitation of diffused H,S as Ag,S is also more rapid
than the oxidation of H»S by oxygen in the gaseous state in
the apparatus. Therefore, a nitrogen atmosphere was not
necessary in the diffusion-precipitation method to measure

AVS concentrations.

CONCLUTION

In this study a simple diffusion-precipitation method
was developed to determine acid volatile sulfide (AVS)
concentrations in freshwater sediments from a modification
of the previously developed diffusion—absorption method.
Silver nitrate (AgNOs) was used as a sulfide trap solution
and AVS concentrations were analyzed gravimetrically.
Recoveries of sodium sulfide (Na,S - 9 H2O) in this method

were similar with a previously developed diffusion-absor-
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ption method and about 20% greater than a purge—and-
trap method. Detection limit of this method was compar-
able with that of other methods. In addition, the diffusion—
precipitation method is more rapid and less expensive than

purge—and -trap methods.
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