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ABSTRACT

The sulfur cycle is perhaps one of earth’s most important
cycles. Biologically sulfur is the main constituent needed to
form building blocks such as amino acids. Ecologically, it
can devastate forests, lakes and ecosystems in one of it’s
many forms. Industrially (and perhaps naturally) it is the
source of our acid rain problem.

An estimation of sulfide fluxes emitted into the atmo-
sphere is extremely variant due to the lack of efficient means
of measuring these fluxes. Several simplistic measuring
devices have been employed to estimate the oceanic, continen-
tal and atmospheric fluxes. Problems have arisen due to the
non-uniform distribution of sulfur sources such as industries,
volcanoes and marshlands.

In the specific case of organic volatile sulfides,
estimates of fluxes have been deduced and not actually
measured to any great extent. The fundamental reason for this
being the lack of an efficient means of recording data in the
field to support the flux estimates.

This study has attempted to secure the efficiency of
adsorption tubes used to sample in situ freshwater sulfide
fluxes. Optimal preparation involved using Molecular Sieve 5A
(60/80 mesh) contained and activated in pyrex glass tubing
(émm. o.d.). Proper activation occurred at 300C for 8 hours

under a constant helium flow.
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Adsorption of sulfides was by helium induced release of
gases at room/atmospheric temperatures. After 15 minutes,
the adsorption tube was recapped and stored at (-8C) for no
more than 7 days. At this time, the tubes were analyzed.
Analysis was by GC/HECD in the laboratory. A custom made
heat desorber (at 270C), in conjunction with liquid nitrogen
and hot water sufficiently trapped the released sulfides from
the adsorption tube. Calibrated data obtained in the labora-
tory provided for proper analytical interpretations of the

flux of sulfides emitted from the sample.
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CHAPTER I

INTRODUCTION

Sulfur is perhaps one of the most unique elements active
in the earth’s many cycles as it is both a key nutrient and
pollutant to all living things (Brown, 1982). Anthropogenic
sources of atmospheric sulfur, primarily as SO02, include the
combustion of fossil fuels (85%), smelting of ores (11%) and
petrochemical processing (4%) (Black, 1978 and Brown, 1982).

Contrarily, naturally occurring sulfur originates in sea

sprays (as aerosols), during volcanic activity (mainly as H2S

and SO02), in '"anaerobic microbial activity" (Aneja et.al.,
1982), from marine algae and finally during decomposition of
organic matter (Aneja et.al., 1981 & 1982). The majority of

these natural processes involve the reaction with organics in
a moist environment.

Among the naturally occurring sulfurs, biogenically
produced sulfur compounds are thought to contribute sig-
nificantly to the global atmospheric sulfur cycle (Brown,
1982, Adams et.al., 1981 and Moller, 1984). Large varia-tions
have arisen in estimates of the amounts of sulfur from
biogenic emissions due to a lack in prediction accuracy and
experimental determination of these emissions.

Classically, global sulfur emissions have been determined
using known values from anthropogenic sources and measurements
of the global depositions from the atmosphere (Adams et.al.,

1981 and Aneja et.al., 1981). Thus biogenic contributions



have been deduced from the difference between anthropogenic
and atmospheric contributions.
BIOGENIC CONTRIBUTIONS:

Biogenic contributions are needed to balance the global
sulfur budget. There are, however, extremely large deviations
in the expected values, varying from 35-289 TgS/yr (Aneja
et.al., 1981 and Brown, 1982). Since both organic and
anthropogenic sulfur sources vary in time and space, global
models give a somewhat illusive perception of the actual
distributions of sulfur cycling. As a solution to this
problem, regional sulfur budgets are presently being studied
as a reference for the overall budget (Brown, 1982).

The importance of determining exactly what proportions
and how much biogenically produced sulfur enters the regional
or global cycle is important for several reasons. Our main
concern is to attempt to grasp a quantitative knowledge of how
abundant the atmospheric extent of biogenic sulfate is and
consequently its effects on acid rain (Aneja et.al., 1982).

Organic sulfides released from land and water are made up
of reduced volatile sulfur compounds. These are metastable and
transform in the atmosphere to sulfates or sulfuric acid.
Specific sulfur compounds that are formed and emitted from
biogenic sources are shown in Table 1.1 and will be referred
to in the form of their acronyms throughout this report.

The fundamental processes by which organic volatile

sulfides are produced are by (a) Metabolic activities conse-



Table 1.1: Biogenically released volatile sulfur compounds
encounteredin this study.
(Adapted from Caron, 1990-Phd. Thesis)

Name Formula Acronym
Carbon disulfide CS. CS.
Carbonyl sulfide COS COS
Diethyl sulfide CiHsSC,Hs DES
Dimethyl disulfide CH,SSCH; DMDS
Dimethyl sulfide CH,SCH, DMS
Hydrogen sulfide H,S HS
Methanethiol CHsSH METH
1-Propanethiol CH,CH,CH.SH PrSH



quential to sulfur (sulfate) reduction and /or other metabolic
activities involving sulfur (bacteria, algae, higher plants)
(b) Decomposition of roganic matter releasing small compounds,
some of which contain sulfur (Moller, 1984).

PREVIOUS WORK:

Studies to determine organic volatile sulfide (0.V.S.)
emissions have incorporated several methods. To determine
sulfide fluxes to the atmosphere from soils, a flux chamber is
commonly used. This consists of, a small chamber analogous to
a mini-greenhouse with a surface measuring approximately 0.25-
1 square meter (Aneja et.al., 1982 and Steudler & Peterson,
1985).

In this procedure, the air flow is kept constant to
provide proper ventilation by circulating a carrier gas
through the chamber. The effluent gases are then pre-
concentrated on an adsorbent (Langhorst & Coyne, 1989 and
Steudler & Peterson, 1985).

The types of sorbents used to collect sulfides vary.
Molecular Sieve(s) 5A/13X, Silica gel, Tenax GC, Poropak Q and
Chromosorb 107 are a few of the commercially manufactured
sorbents tested and/or used in field measurements (Black
et.al., 1978, de Souza, 1988, Steudler and Kijowski, 1984 and
Torres et.al., 1983).

Subsequent analysis is conducted by gas chromatograph and
flame photometric detector after thermal desorption (Lamb

et.al., 1987 and Steudler & Peterson, 1985).



This simple set-up yields reasonable results but as yet
is only used to sample air over soils. Aquatic sampling
however is somewhat more complicated.

Aqueous samples undergo important changes shortly after
sampling (Caron and Kramer, 1989). Analysis of sulfides in
water are consequently conducted in situ or immediately
following sampling (Andreae and Barnard, 1983 and Nriagu and
Holdway, 1989). Samples may be simulated in the laboratory
using known quantities of sulfides injected into an agqueous
medium or by using algal cultures (Caron, 1991).

The apparatus used for water samples is a modified purge
and trap method. In this procedure the sample is heated to
release the volatiles which are carried with a stream helium.
A subsequent system of water traps and loop/coiled trap(s) in
combination with the use of liquid nitrogen and heat allows
the gases to be filtered and trapped for analysis (Caron &
Kramer, 1989, Newman & Gschwend, 1987 and Richards et.al.,
1989). Refer to Figure 1.1.

Comparable to air sampling, a GC is used for analysis.
The detectors commonly used are a flame photometric detector,
electrolytic conductivity detector (Caron & Kramer, 1989) or
mass spectrometer (Headley, 1987).

All previous work has allowed atmospheric analysis or
water analysis but few "in situ" designs are present for

water.
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PURPOSE AND SCOPE:

Aqueous organic volatile sampling has been restricted to
those areas where sampling has permitted moving the gas
chromatograph and all pertinent equipment into the field or to
areas in close proximity to the laboratory. Evidence suggests
that changes occur between sampling (especially in aqueous
samples) and laboratory analysis, altering the integrity of
the sample.

To obtain significantly meaningful results of the 0.V.S.
emissions from such remote areas such as the Hudson Bay
Lowlands, portable laboratories would have to be developed.
The feasibilities of such an undertaking are not too probable.
Alternately, a new method of utilizing previously tested
sampling methods by compacting their required capacities (ie:
eliminating helium gas, a heat source and liquid nitrogen) or
adapting them to be suitable for water is a desirable option.

The primary purpose of this study is to test this option.
By using previously tested sorbents as a basis for the
analytical procedure, the optimization of adsorption tubes in
conjunction with a portable field apparatus and stationary
laboratory will be examined.

Of specific interest is maintaining the integrity of the
sample, maximizing storage time before analysis, and determin-
ing the storage and desorption temperatures of the samples.
In order to facilitate a large scale sampling such as the

Hudson Bay Lowlands, an attempt will be made to optimize all



of the above mentioned parameters.
METHOD OF STUDY:

Initial laboratory analyses were conducted in the Spring
of 1990. A first attempt at gathering field data from the
Sudbury region was undertaken in July of that same year. Of
special interest was the feasibility of the portable apparatus
in the field and more importantly to gather some tangible
results from the natural environment.

Further laboratory refinements were conducted to try and
(a) refine storage time and temperaﬁure of the tubes before
and after sampling and analysis, (b) eliminate problems with
the internal standard and (c) determine the desorption speci-
fications. (Glassware preparation, sorbent types, adsorbing
and desorbing apparatus’ were tested before initial tests
began) .

Complete specifications for glassware preparation,
calibration, collection of data, storage of adsorption tubes,
and analysis by desorption and gas chromatography are given in

this study.



CHAPTER II

MATERIALS PREPARATION

GAS CHROMATOGRAPH:

The gas chromatograph 1is the most extensively used
apparatus in analyzing for volatile sulfides in the environ-
ment. The GC used in this study was a Hewlett Packard 5890
connected to a brand Hall Electrolytic Conductivity Detector
(HECD) .

Commonly, the GC is used in conjunction with a flame
ionization detector (de Souza, 1988) or a mass spectrometer
(Headley, 1987) however recent studies in our laboratory have
proven the HECD to be more efficient.

i] DETECTOR

The Hall electrolytic conductivity detector (HECD) was
shown to be the detector of choice for low level sulfur
detection (Caron & Kramer, 1989). Where the flame ionization
detector could not detect precise levels of sulfur at consist-
ent calibrations, the HECD could. Levels down to "picograms"
of sulfur were attainable and the calibration curves were
reproducible where the detector was held constant at 950° C.
Under proper maintenance, the HECD is very reliable for this
study. (For further references see Gluck, 1982).

ii] SPECIFICATIONS

The column used was Chromosil 330 (treated silica gel),

the recorder an HP 3390A peak integrator. The carrier gas



used in operating the GC was ultra pure Helium (Canadian
Liquid Air) while the detector gas was Air Ultra Zero grade
(also Canadian Liquid Air). The detector solvent (total 1000
ml) was methanol HPLC grade diluted in Millipore deionized
water at a ratio of 1000ml:200ml methanol:water.

Analysis after injection (injection temperature was 200°
C, detector temperature 135°C(base) and 900°C(reactor)) was 6
minutes at 40°C, 30°C/min increase for one minute followed by
9 minutes at 70°C. (This standard procedure has been verified
in Caron, 1990-Phd. Thesis).

iii] 6-WAY VALVE SYSTEM

In order to minimize human error and sample losses when
transferring the sulfide sample from the distillation line
(discussed in detail further on) sample loop to the GC, a
Hamilton No. 6-way valve system was incorporated. Figure 2.1
shows the complete recovery system. This system 1is an
improvement on the original method of analysis described by
Caron & Kramer (1989). The sample loop itself is FEP teflon
tubing (1/8" o.d.) and connected the distillation line direc-
tly to the GC. The loop fits tightly into the valve system
preventing leakage. The addition of the new injection system
did not seem to create an appreciable bias on the calibration
curves of the 6 major sulfides (Caron-personal communication,
1991)

iv] RETENTION TIMES

The identity of the sulfides was determined by their

10
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retention times in the GC as compared to standards. Each
sulfide has a characteristic retention time which was cross-
checked using commercially prepared permeation tubes obtained
from Vici Metronics. Figure 2.2 shows a typical chromatogram
with each peak identified according to the sulfide type.
Problems were encountered in separating the H2S and COS peaks
for identification. To facilitate this, a second column was
inserted into the GC.
GLASSWARE:

i] BIOLOGICAL USE

Any glassware that was used to culture algae was properly
cleaned and sterilized. Cleaning was by the method in Wong &
Couture (1986). Initially the glassware was washed 1in
nonphosphate (liquid) detergent and rinsed 3-5x in tap water.
This was followed by soaking in 10%(v/v) HCl for an hour,
rinsed 3x in tap water and 5x in deionized water.

Once the growing medium (see Appendix A, Bold’s Basic
Medium) was placed in the flask the entire contents were
autoclaved. Autoclaving was at 248°F and 15-20psi for 15
minutes to sterilize and prevent bacterial contamination.

ii] DIRECT SULFIDE USE

All glassware used in direct contact with sulfides in the
sampling lines, was silanized. Silanization prevents sulfides
from accumulating on the surfaces of the glassware (Farwell
and Gluck, 1980).

The procedure for silanizing is adapted from Caron &

12
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Kramer (1989). The glassware is soaked in Chromerge for about
15 minutes and rinsed in Millipore water. Subsequently, the
glassware is soaked for one hour in 10%(v/v) HCl, rinsed in
with Milli Q water and dried with acetone. Once completely
dry, the silanizing agent is applied. Sylon CT (Supelco,
Bellafonte, CA) can be obtained or dimethyl dichlorosilane
5% (v/v) in toluene may be used. The glassware is then rinsed
2x in toluene and 3x in methanol and allowed to dry.
ADSORPTION TUBES:

i] SORBENT CHARACTERISTICS

The adsorption tubes used in this study consisted of the
sorbent Molecular Sieve 5A (60/80 mesh) (Chromatographic
Specialties Inc., Brockville Ontario). Molecular Sieve 5A is
an alkali metal aluminosilicate analogous to naturally
occurring clays and feldspars. Table 2.1.

Unique to the Molecular Sieve is the fact that its crys-
tal structure does not collapse when the waters of hydration
are driven off (during activation). This characteristic
allows a complex network of pore spaces and cavities to form
in about 50% of the total volume that the crystals occupy.
The cavities permit molecules of up to 13 angstroms to enter
the network. (Chromatographic Specialities Inc. Bulletin and
Molecular Sieves, 1977).

111 ASSEMBLY
The adsorption tubes consisted of 26cm long, 6émm(o.d.)

silanyzed glass pyrex tubing housing 1.2g of Molecular Sieve

14



Table 2.1: Adsorption Tube and Sorbent Characteristics

Sorbent Molecular Sieve 5A-60/80 mesh

Quantity Used 1.2 grams

Surface Area 700-800 m/g

Container/Housing 26cm./6mm. 0.d. silanized glass pyrex tube

Activation 8 hours at 300 C with a helium input flow
re-Use Storage Maximum 48 hours after activation

Table 2.1: Sorbent Characteristics
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SA (60/80 mesh). (1.2g makes up approximately 1l1l6cm when
inside the tubes). While inserting the sorbent into the tube,
one end was stoppered with 3mm of packed silanized glass wool
(Supelco). A syringe attached to 4mm(o.d.) tubing was used to
filter the sorbent into the pyrex tubing. It is best to
center the Molecular Sieve 5A (60/80 mesh) in the tube for
easier manipulation during the adsorption and desorption
procedures. Both ends were capped with GC end column capil-
lary caps (1/4" diameter-Supelco). See Figure 2.3

iii] ACTIVATION AND STORAGE

Molecular Sieve 5A must be heat activated to drive off
the waters of hydration in the mesh to provide the necessary
pore space for adsorbing (see above). Since this study
‘incorporated the use of more than one tube at a time, a
"multiple-activator" was developed.

In this system, up to 14 tubes could be activated at once
(Figure 2.4). The heating plate containing the tubes was
placed on a heating element at a temperature of 300°C for 8
hours. Helium high purity gas (Canadian Liquid Air) was
connected to the pyrex tubes by silicone tubing with a flow of
15 ml/min.

The adsorption tubes may be stored for no more than 48
hours before use. Optimally, temperatures of storage should
be (-4°C) to (-8°C) (ie: a fridge freezer’s temperature). Dry
ice and a large storage freezer allow water to accumulate in

the adsorption tubes. Alternately, room temperature defeats
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the activation process by degrading the cavity structures

(discussed in Chapter V).
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CHAPTER III

ANALYTICAL PROCEDURES

CALIBRATION LINE:

Permeation tubes of CS?, DMS, PrSH, DES, DMDS were
gravimetrically calibrated to determine their permeation
rates.

Previous work in the laboratory by Caron (1990), used
home-made permeation tubes for the CS,, DMS, PrSH, DES and
DMDS, however it was found that this were not stable over time
(Bryar,1991-personal communication). For this reason, all
calibrations used commercially prepared synthetic
samples.

The method of calibration is as defined by O’Keefe and
Ortman (1966) and was also used by Caron & Kramer (1989).
Measurements of the weight of the permeation tubes over a
known amount of time were recorded. This analysis gives a
permeation rate in mass/time.

Once this has been determined, the permeation tubes were
placed in a calibration 1line (Figure 3.1) with a known
quantity of helium flowed through the system. (This gives a
flow in volume/time). The quantity of helium is altered to
obtain values at several limits thus allowing a more precise
calibration. Following this, a known volume of the sulfide
gas is injected into the GC (ie: 1 ml). The peak area shown

on the chromatogram can be related to a mass of sulfide
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emitted from the permeation tube.

Figure 3.2 shows the calibration curves of the seven
sulfides. Due to the differences in atmospheric concentra-
tions of the different sulfides, COS (and to a lesser extent,
MeSH, PrSH and CS,) are notably on different scales than the
remaining sulfides.

INTERNAL STANDARDS:

The use of an internal standard is a common procedure in
chromatography. A compound, not present in the sample, is
added to a sample to correct for irregularities in preparative
work. Diethyl sulfide (DES) was incorporated since it is not
found in natural waters.: In primary studies the DES was
dissolved in ethylene glycol to a dilution of approximately
0.05 pg/ml (Caron, 1990-PhD. thesis). 1In that case ethylene
glycol was chosen due to it’s "low vapour pressure at the
boiling point of water" (Caron, 1990).
DISTILLATION/ADSORPTION:

i] SET-UP

Because the principal purpose of this study was to devise
a simple and compact method of obtaining field samples, the
actual adsorbing apparatus developed is very transportable and
suitable. Figure 3.3 shows the portable field adsorption
line.

With the exception of the stand and clamps, all of the
materials consist of silanized pyrex glass. Where connections

involve two different glass pieces being fitted to-gether, a
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small quantity of silicone grease (Dow) is used to allay the
possibility of leaking. Teflon connections and ferrules were
used to minimize the chances that the sulfides would accumu-
late in areas that could not be directly inserted together due
to size incompatibilities (ie: where the adsorption tube
attaches to the line).

In order to prevent water vapour from accumulating on the
adsorption tube, calcium chloride was originally used as a
drying trap. Problems began to arise when water continued to
accumulate in the adsorption tube. To negate this effect, the
volume in the drying trap was reduced to provide minimal space
for water to move through the pore spaces of the drying
pellets. New dehydrating sorbents are being tested (see
Future Considerations-Conclusions).

ii] METHOD

Before taking a sample, the entire apparatus was as-
sembled and the adsorption tube attached to its base. For
convenience, the only parts that ever need be removed or
replaced during sampling were the adsorption tubes (a new one
for every sample) and the sample flask (for cleaning).

The adsorption tube was attached by tightening the teflon
connection that joins the tube to the adsorption line. Hand
tightening 1is sufficient. Removal of the sample flask
involved loosening the connecting arm and lifting the flask
out of the support mantle.

Once the flask and the adsorption tube were in place, a

25



water sample of approximately 50ml was poured into the flask.
10 UL of ISTD was added and the helium source was inserted
into the flask to cap it. (The helium source was a portable
tank, smallest in volume, with copper tubing attached to
teflon tubing which in turn connected to a pyrex glass frit
inserted into the sample flask).

To test for leaks, a commercial leak-detector (Snoop) was
used. Where sealing was not found to be secure, springs held
by frits joined connections together. Helium was bubbled
through the sample at a rate of 80ml/min for approximately 15
minutes. In sampling using water, samples it is common to use
heat to release the volatiles into the distillation 1line.
This would mean finding some source of readily available heat
that could potentially be used in remote areas.

To avoid this complication, the samples are adsorbed
without heat. Once the sampling period ended, the top end or
the tube was recapped, the base unscrewed, sealed and the tube
placed in a cooler at approximately (-4°C) to (-8°C).

iii] STORAGE

Storage of the tubes involved no longer than 7 days at
optimal temperatures (see Chapter V).

DESORPTION:

i] SET-UP

Since the desorption set-up is meant primarily for the
laboratory, it uses electricity as a source of heat. The

desorption apparatus is shown in Figure 3.4. The heat
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desorber consisted of a pyrex glass (8mm o.d.) tube surrounded
by approximately 6 meters of tightly coiled conducting wire.
The wire was insulated by zirconian oxide cement wrapped in
asbestos tape.

The internal temperature of the heat desorber was
monitored by a thermocouple. Optimal temperature of desorp-
tion was determined to be 270°C. Liquid nitrogen was used to
trap the sulfides in the sample loop. The six-way valve
system permitted easy and accurate manipulation of the loop
containing the sample for GC injection. GC parameters are
those described in chapter II.

ii] METHOD

Initially the 6-way valve control knob is kept closed
(pointed downward) to segregate the sample loop from the GC.
Both of the stopcocks were also closed to segregate the loop
from the desorption line (both pointed down). The sample loop
was then immersed in a flask of liquid nitrogen.

The adsorption tube was attached to teflon tubing
extending from the 6-way valve by a teflon connector. Once
the heat desorber reached the optimum desorption temperature
of 270°C, the adsorption tube was placed into the desorber.
The end extending out of the top of the desorber was in effect
sealed and was also the same end that was the base during
adsorption. Assuming that the majority of the sulfides adsorb
in the first centimetre of the tube, most of the desorption

will also be from this same position.
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The base of the tube extended out of the bottom of the
heat desorber with all of the sorbent contained within the
bounds of the desorber. A teflon connector was used to attach
the adsorption tube to the copper tubing transmitting the
helium flow.

The helium was turned on to 10-12 ml/minute. The first
stopcock was opened by moving it to point up. After a few
moments, the second stopcock was also opened. 15 minutes time
were allowed to elapse before the sample loop was again
isolated by closing the stopcocks. The adsorption tube was
removed from the heater by disconnecting the helium and
lifting it out of the top of the desorber. Immediately, the
liguid nitrogen was replaced by hot water for approximately 30
seconds.

The 6-way valve control knob was turned to the right to
open it up to the GC. The stopcocks were opened and the GC
activated. At least 5 minutes was allowed before the sample
loop was segregated from the GC. Another sample could
theoretically be started should time optimization or bulk

samples need to be processed.
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CHAPTER IV
FIELD APPLICATIONS
BACKGROUND ON PROCEDURE:

The procedure for field analysis was that developed and
refined in the laboratory (as outlined in Chapter III). The
procedure for field analysis was tested in two regions. In
Sudbury, a reconnaissance sampling protocol was tested while
in Cootes Paradise, the conventions for in situ vertical
analysis of organic volatile sulfides were tested.

The adsorption apparatus was highly portable and easy to
manipulate while moving from site to site. Since the helium
tank was the only synthetic source needed to operate the
system, it was obtained in its smallest form to reduce any
excessive weight.

The use of an internal standard (ISTD) enabled the
results obtained to be monitored for recovery efficiency. A
small cooler with ice provided a sufficiently cool storage
place for the ISTD in between usage. Calibration data ob-
tained in the laboratory (as mentioned in Chapter III) was
again used in interpreting the chromatogram results. All
results were obtained from work completed in the laboratory.
RECONNAISSANCE SAMPLING PROTOCOL:

The sampling protocol described below was tested in the
Sudbury region. Unfortunately, analytical problems gave
highly distorted results for the actual quantities of sulfides

present in the lakes sampled (see Chapter V). Nonetheless,
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the actual procedural arrangements were efficient for recon-
naissance sampling.

i] Equipment

Equipment was assembled beforehand for transport to a
base and consequently into the field. The complete list 1is
shown in Table 4.1. The adsorption tubes had to be acti-vated
at the maximum 48 hours before use. For areas where tubes
would be needed for several days to weeks, the activator would
have to be taken to the field base site.

ii] Preparation

The morning of the sampling day, the cooler must be
equipped with ice to store both the ISTD and the tubes used in
the field (where ice 1is not readily available, a propane
refrigerator would be needed to make ice). The cooler was
kept in the vehicle (and could potentially be kept in a helic-
opter for remote sampling). If chlorophyll is being sampled
the fluorometer must be turned on at the base site to equil-
ibrate enough for readings to be taken at night on the samples
taken that same day.

iii] Field Steps

A sampling sheet was prepared to record the data obtained
in the field and is shown in Figure 4.1. Since the organic
volatile sulfide sample took the longest to obtain, it was
started immediately upon arrival at the site.

The adsorption line was operated from the back of the

truck but could also be operated on flat ground. Initially,
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Table 4.1: Reconnaissance Sampling List

adsorption line---sample flask, connectors,
CacCl, stand, clamps, springs
adsorption tubes with caps

cooler with ice
filter paper

flow meter-to monitor line
fluorometer
helium tank with connections

internal standard
maps

peristaltic pump

sample bottles-for pH readings
thermometer
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Date:
DAY MON YEAR Lake name:_

Y N \
Air Temperature:________°C Soil Sample? D:]
Lake Temperature: °60© Size:
&
Sampledepthi Distance from shoreline:

Average wind speed:
Anemometer reading: Time:

Anemometer reading: Time:

Weather conditions:

Comments:

[ ——graes
Samples: Chlorophyll a: { ] mL filtered

Q Volatile SUfIdeS. .....eeeeereeeeeeeeeeeeee D:]:[D mL

Q DIC/DOC: 15 mL vial (filtered)
\_ w

Figure 4.1: Sampling Recording Sheet
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the adsorption tube was affixed to the adsorption line and the
helium tank readied to attach to the sample flask.

A sample of lake water measuring 50ml was directed into
the flask and 10pl of ISTD was added. Without delay, the
flask was sealed with the helium input valve and the top cap
of the adsorption tube removed (if not already done).

While the volatile sulfides were collecting, atmospheric
and water temperatures were recorded. 300ml of water was also
filtered for use in the fluorometer. A second 250ml
sample was filtered for pH, an additional 250ml was collected
in a separate container for raw pH readings. As well, both of
the pH water samples were used in the laboratory for conduc-
tivity measurements. Depth, time and position of sample were
recorded and weather conditions were noted.

After the allotted 15 minutes for sample adsorption was
complete, the adsorption tube was removed from the line,
sealed and stored on ice in the cooler. Further tests were
completed in the laboratory to avoid taking the GC, liquid
nitrogen, air etc. into the field.

IN SITU VERTICAL DEPTH SAMPLING:

This method was tested in Cootes Paradise due to its
close proximity to our laboratories. The actual collection of
sulfides also occurred in our laboratory as the sample was not
thought to degrade during the half kilometre drive!

i] Equipment

A custom made vertical integrating depth sampler (for
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stabilizing the water column) and temperature reader were
assembled. Figure 4.2 depicts the water column stabilizer and
varying depth "temperature-taker". An equipment list is shown
in Table 4.2.

ii] Preparation

The column stabilizer and bottomless bottle were put into
place two days before the samples were actually taken to give
sufficient time for stabilization. Once again, the adsorption
tubes had to be activated the day before usage and stored.

iii] Steps

The site of sampling was chosen at a depth of one meter
and a channel width of 3-4 meters. The canoe was equipped
with sampling bottles, thermometer and a bucket of ice to
store the samples.

Once at the site, the canoe was manipulated adjacent to
the column stabilizer. Water samples and temperatures were
taken at the bottom and surface both inside and outside the
column stabilizer. The bottomless bottle sample was preserved
by placing a shovel under the mud bottom and removing the
bottle, mud and water surface completely intact. This method
worked surprisingly well.

Adsorption and desorption procedures were those described
in Chapter III but were both accomplished in the laboratory

rather than in the field. This was mainly for convenience.
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Figure 4.2: Depth Sampler and Temperature Recorder
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Table 4.2: In Situ Depth Sampling List

bottomless bottle
canoe
cooler/pail with ice

depth sampler
sample bottles

shovel
thermocouple depth temperature reader
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CHAPTER V
RESULTS AND DISCUSSION

LABORATORY STUDIES:

Laboratory studies consisted of the use of pure dry gases
to avoid matrix effects induced by water from agueous samples.

TUBES

i] Dimensions

The length of the tubes was selected purely for practical
reasons. One centimetre long tubes would have been suffi-
cient. In order to build a heat desorber, tubes at least 26cm
long were made so that the desorber could be manipulated
easily.

ii] Sorbent

Two types of sorbents were tested; Silica Gel 60/80 and
Molecular Sieve 5A 60/80 mesh. Each was tested separately
with results showing that Silica Gel was more efficient than
Molecular Sieve at lower flowrates. Molecular Sieve however
was more competent both overall and at higher flowrates
(Figure 5.1).

COLLECTION

i] Flowrate

Flowrates for collection of samples were determined
keeping the desorption parameters constant. 100ml of Milli-Q
water, 200 pHL ISTD and 200 pL of a CS2, DMS, DMDS synthetic
mix were collected for 20 minutes, no heating, onto 100%

Molecular Sieve tubes. Flowrates tested were 40, 80 and
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Sorbent Comparison
Molecular Sieve vs. Silica Gel

% Recovery
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Figure 5.1: Comparative Analysis of Sorbent Retention
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120ml/min. The desorption temperature was 295C and flowrate
12ml/min.

Appendix B shows the peak values obtained at each
flowrate for each sulfide. With reference to Figure 5.2,
80ml/min was found to be the optimum adsorption flow rate.

ii] Heating

Heating water samples 1is a standard procedure when
operating a purge and trap system. This method was not
evaluated in the laboratory however, algae analysis provided
some results (see ALGAE SAMPLES, page 45).

STORAGE

i] Method

Four types of storage were tested; dry ice, deep freezer
(-18°C), fridge freezer (-4°C) and fridge. Tubes were loaded
with pure dry gases (the standard seven) and stored overnight
in each of the sites. Desorption was at 295°C for 15 minutes.

Results showed that the dry ice produced an enormous CO2
peak that covered the chromatogram to such an extent that all
other peaks were negligible. Both the deep freezer and fridge
blocked the ends of the tubes by collecting ice and water
(respectively) between the glass wool and sealing caps.
Analysis in these two cases was presumed useless. The tubes
stored in the fridge freezer allowed for the best desorption
results maintaining the best sample integrity.

ii] Time of Storage

Preliminary tests for storage were conducted over the
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Optimum Adsorption Flow Rates

PEAK AREA (thousands)

1000

FLOWRATE (mL/min)

—— CS2 —— DMS —%— DES —&- DMDS

Figure 5.2: Optimum Adsorption Flowrate
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period of one week. This reflected the quantity of time that
the samples were expected to endure while in transport from
the field. Pure gases were adsorbed (one per tube, six tubes
per sulfide), stored in the freezer and desorbed 7 days later.
Appendix C lists the quantities retained.

Results showed that (a) most of the sulfide is not
retained and (b) there is some sort of contamination of the
sample. This contamination shows as additional peaks on
chromatograms. This may be attributed to poor sealing capabi-
lities of the caps, in which case, sulfides are both released
from the tubes and others adsorbed from the atmosphere.

DESORPTION

i] Temperature

To test for the optimum desorption temperature, pure dry
gases were adsorbed onto tubes so that there were sets of
three tubes for each temperature to be tested. Temperatures
were set from 260°C to 290°C at increments of 10 degrees.

Table 5.1 shows complete data sets. Temperatures of 290°C
are best for dry gases which is comparable to previous work
sited at 295°C (Steudler, 1984). As an aside, the temperature
of desorption for water samples is slightly lower at 270°C.
Data to support this is limited due to problems originating
from the GC.

ii] Flowrate

Flowrates of desorption are taken to be 12ml/min as sited

from Steudler (1984). These were tested minimally, in
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Optimum Desorption Temperature Data

Table 5.1:
Temperature [Sample #1 |Control
260
COS 4274300 | 3318400
MeSH 4893 594760
CS2 628470 | 2661700
DMS 425280 | 1240900
PrSH 5062 925720
DES 6514 | 1006900
DMDS 483990 | 10731000
emperature '-'§ample #1 [Sample #2 |Control
270
COS 3847800 | 3830100 | 3469800
MeSH 2075 6105 619020
CS2 945040 | 1096000 | 2516500
DMS 256970 427650 | 1199300
PrSH 8369 17566 918100
DES 30191 171340 825100
DMDS 533220 515930 | 8469700
Temperature [Sample #1 [Sample #2 [Control
280
COS 3358900 351300 | 3447100
MeSH 3679 4933 632050
CS2 818090 | 1101800 | 2434600
DMS 393310 347630 | 1236900
PrSH 16227 11476 946270
DES 33543 77808 750460
DMDS 320600 585010 | 7733700
Temperature [Sample #1 [Control
290
COS 3595400 | 3479800
MeSH 1073 639320
CS2 1551300 | 2668700
DMS 168100 | 1303300
PrSH 10073 913730
DES 133340 913300
DMDS 814710 | 9407500
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preliminary experiments.
ALGAE SAMPLES:

As mentioned above, water samples are traditionally
heated to release the volatiles into the purge and trap
system. It should be noted that heating samples produced a
greater degree of incompetency on the chromatograms. Several
additional peaks were stored other than the standards expected
in normal analysis (Figure 5.3).

At temperatures greater than 250°C, sulfide gases react
with one another. The -integration of sulfides released in
desorption is highly distorted and not dependable. For this
reason, water samples should not be heated when adsorbing onto
a sorbent.

FIELD STUDIES:

i] Lakes

The lakes chosen to sample in the Sudbury field analysis
were chosen for their diversity. Five lakes were chosen for
reconnaissance sampling (Kelly, Dill, Joe, Crooked and Silver)
while two were sampled over the period of 5 hours (Clearwater
and McFarlane) .

ii] Heating

For practical, and analytical reasons, heating was not
opted for in the field adsorption procedure. As previous
results showed, this method would have caused additional

problems in integrating the sulfides.
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iii] Flow rates

Flow rates were those adapted from laboratory studies.
A flow rate of 80 ml/min prevented the sample from bubbling
out of the flask. This flow rate allowed for maximization of
adsorption in lieu of the fact that heating was not used.

iv] Storage

The tubes were stored in a cooler on ice while in the
field. The cooler was plugged in at the base to maintain the
temperature of the unit (approximately 0°C). The samples were
kept in this unit until they were analyzed 8 days later.

v] Results and Interpretation

The results showed that all of the samples lost their
integrity by the time they were analyzed. Consistent to all
samples were peaks at approximately 2.06, 4.43, 6.5, 8.95 and
11.14 (Figure 5.4).

2.06 may represent a byproduct of COS and MeSH. 4.43 is
probably DMS. The peaks at 6.5 and 8.95 are reactions that
may have involve PrSH, or are ethanes. 11.14 is the DES.
Recoveries were minimal to none for the internal standard.

These results suggest that the tubes have to be com-
pletely sealed and segregated from any possible conta-minants.
Contamination may be from sulfides escaping from the tubes,
other gases entering the tubes or by equilibrium conditions
being attained between all of the tubes while they are stored

together.
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CHAPTER VI
CONCLUSIONS AND FUTURE CONSIDERATIONS

Working with aqueous samples introduces significant
problems in the collection of in-situ organic volatile
sulfides using a solid sorbent.

Water, both collecting in the tube and mixing with the
sulfides, creates two main problems. First, in storing the
adsorption tubes, water from the atmosphere can collect at the
ends of the tubes. This causes significant variations in the
integrity of the sulfides stored on the tube and also blocks
the collection loop in the desorption process. Secondly, the
original aqueous nature of the sample itself seems to be
enhancing the degradation of sulfides (especially when heated
to release the volatiles). Proper sealing of the tubes and
avoiding heating would alleviate these two problems.

The sorbent type, Molecular Sieve 5A 60/80 mesh, was
chosen over Silica Gel 60/80 mesh. Although this sorbent
proved to be more efficient than Silica Gel, its recovery was
far from proficient. This suggests that alternatives may be
opted for in view of the fact that aqueous sampling introduces
a great deal more variation than dry gases.

Leaking and sample degradation were two problems that
must be overcome before this method will be dependable enough
for field analysis. A valve seal (although more costly) may
have to be adapted to ensure that sulfides remain intact and

that no foreign gases enter the tubes while in storage.
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FUTURE CONSIDERATIONS
i] Sealing

A study should be undertaken to test the use of valves as
an alternative to the capillary caps for sealing the tubes.
Alternately, the tubes may be cut to a length of 40cm instead
of 26cm. This would allow the ends to be heat sealed in the
field with a propane torch. They could be stored in the
freezer and at the time of desorption, the ends could be
broken away cleanly before placing in the heat desorber. Two
disadvantages to this method are that the tubes could be used
only once before the sorbent had to be replaced in a new tube
and propane would have to be carried in the field.

ii] Sorbent

A wider study of sorbent types should be considered.
This would ensure that Molecular Sieve 5A 60/80 mesh 1is
suitable for water samples. Some sorbents could be
eliminated due to their metallic nature (ie: gold) and others
by expense (if this is an issue).

iii] Adsorption

Adsorption with heat introduces some static to the
integrity of the sample. Alternatively, heating should
enhance the recover percentages of the sample. An in depth
study of heating temperatures and flowrate variations may
result in an optimum combination of low temperature/high

flowrate adsorption parameters.

Alternatively, a different type of drying agent within
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the adsorption line may recover more of the water that 1is
reaching the sorbent and storing on the adsorption tube. CaCl
may not be sufficient for capturing the waters released in the

volatilization of the water sample.
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APPENDIX A: BOLD’S BASIC MEDIUM
Two sets of concentrated solutions are first prepared:

SALT SOLUTIONS: each one of these salts is dissolved in 400 mL

of glass-distilled water or Milli-Q (low organic) water.

Salt amount/400 mL (g) Salt amount /400 mL(g)
NaNO, 10.0 KH,PO, 6.0
MgSO, 7H,0 2.0 CaCl, 2H,0 1.0

K,HPO, 4.0 NaCl 1.0

TRACE ELEMENT SOLUTIONS: each solution (A, B, C, D) shall

contain the following salts (per 100 mL):

Solution Salt amount /100 mL (g)

A: EDTA stock EDTA, disodium salt 5.0
KOH 3.1

B: Fe stock” FeS0O, 7H,0 0.5

C: Boron stock H,BO, 1.14

D: H-H5 stock” Znso, 0.88
Na,MoO, 2H,0 0.12
Co (NO,) ,"6H,0 0.05
MnCl, 0.14
CuS0Q, 5H,0 0.16

* Stock solutions B and D are dissolved in 100 mL acidified
water (0.1 mL conc. sulfuric acid in 100 mL water).
INSTRUCTIONS: Add 10 mL of each one of the SALT SOLUTIONS,

and 1 mL of each of TRACE ELEMENT SOLUTIONS to distilled

water. Complete the volume to 1000 mL. Add HCl or NaOH to

adjust the pH to the desired value.
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APPENDIX B:
FLOW RATES

PEAK AREAS OF SULFIDES UNDER VARYING ADSORPTION

[Flowrate | 40ml/min | 80ml/min | 120ml/min
ICS2 233180 | 290080 | 120210
IDMS 15263 56782 28545
IDES(ISTD| 134850 | 255990 86455
IDMDS 198090 | 915620 | 291510
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ONE WEEK STORAGE PERIOD

APPENDIX C: QUANTITIES OF INDIVIDUAL SULFIDES RETAINED AFTER A

***N/A refers to sulfides that could not be
distinguished from surrounding peaks
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COS MeSH CS2
Adsorbed |Desorbed lAdsorbed |Desorbed Adsorbed |Desorbed
749170 26908 412740 51954 3898400 | 5181100
702080 | 1387900 371860 67499 4043000 | 7458700
719170 | 547360 382460 N/A 4647300 | 9481800
711870 | 346610 395050 32917 5996700 | 9073400
724170 | 345940 332020 28801 6627500 | 2967700
848030 N/A 427720 N/A 7967100 | 14894000
DMS PrSH DMDS
Adsorbed|Desorbed Adsorbed [Desorbed Adsorbed |Desorbed
1250500 | 83477 744300 139830 2999900 101320
1327100 | 1382900 650320 180980 3560900 175280
1255500 | 222060 443110 28163 3588400 200340
1316900 | 509330 607570 18679 4638000 N/A
1358200 | 211300 634840 15486 4516200 170250
1321400 | 316950 646410 N/A 4216800 247860
DES
Adsorbed |Desorbed

872090 N/A

870950 N/A

816280 35132

858590 N/A

877220 22670






