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Department of Chemistry
University of Toronto

CHM 410F/IES 1410F - Fall, 1999; Student Instructions
Analytical Environmental Chemistry

Analysis of Anions in Lake Water by IC, and Trace Metals in
Core Sediments by ICP-AES and GFAAS

INTRODUCTION

Ion Chromatography.  In the past, in order to quantitatively measure anionic species in
water samples, many analytical methods were employed.  For one sample of water,  one
may have had to perform many tests including  spectrophotometry, gravimetry, turbidity,
and ion-selective electrode potentiometry.  Of course this is labour intensive as well as
being costly for analysis of many different samples.  One principle advantage of using ion
chromatography is the simultaneous determination of many inorganic anionic species
along with some organic ones in a relatively short period of time.  Another advantage of
the system is the minimal sample preparation required.

In the first part of the experiment, water samples will be analyzed for commonly found
anionic species such as nitrates, chlorides, nitrites, fluorides, bromides, phosphates,
sulphites, and sulphates.  Anionic species determination can be important in studying
oxidation-reduction potentials of environmental waters, and can provide clues to the
marine system.  Nitrates are the principle form of nitrogen found in natural waters and are
the result of complete oxidation of nitrogen compounds.  Sources of nitrates can be found
in industrial discharges, and municipal sewage (especially those containing human
excrement).  Chlorides can also come from many sources, natural ones such as leaching of
sedimentary rocks to industrial sources such as disinfection of domestic sewage.  Sulphates
can be leached from sedimentary rocks and from sulphate deposits such as gypsum and
anhydrite.

ICP-AES/GFAAS.  The second portion of the experiment examines two core sediment
samples.  An analysis of soil sedimentation over time can reveal insight of past natural and
anthropogenic environmental conditions and changes.  Core samples provide an accurate
account of the surrounding history by creating a "closed system" that prevents  components
from further contamination by continual covering with more sediment.  The changes in
lead concentrations in the soil are a good example of how changes in the anthropogenic
environment can be seen in core sediments.  A decrease in lead concentrations can be
attributed to the discontinued use of leaded gasoline.  However, interpretations of results
must take into account that metals in sediments can be susceptible to post-depositional
mobility from redox changes in the sediment profile.  In meromictic lakes low redox values
will affect the concentrations of some metals.  Both graphite furnace atomic absorption
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spectrometry (GFAAS) and inductively coupled plasma (ICP) are used to quantify the lead
concentrations in core samples.  However, ICP has the added advantage, albeit at a much
higher expense, to simultaneously analyze for several metals. Thus for the ICP, in addition
to  trace lead analysis, manganese, iron, copper, aluminum, and cadmium will also be
analyzed.

Sediment cores from two lakes in the Arctic have been taken by colleagues in Geology
with a surface "gravity corer" coring device.  Those of you who go on the sampling
expedition to Crawford Lake will be able to see a second kind of coring, freeze coring
firsthand.  A cold finger corer is basically a steel tube, having a flat surface on at least one
side, that is weighted on the bottom and filled with dry ice and ethanol, attached to a rope
long enough to reach the bottom of the lake.  The corer is gently lowered through the
water column (while carefully balancing the boat!) until it is about 1 meter from the
sediment (pre-measured indication on the rope) from which it is allowed to drop directly to
the sediment and bury itself there.  The sediment is then allowed to freeze onto the cold
finger for approximately 7-15 minutes when it raised to the surface.  The flat surface
containing the frozen sediment "record" is then carefully returned to the lab for sectioning.

The lake chosen for your sampling expedition, Crawford Lake is meromictic.  The denser,
chemically enriched bottom waters of this lake do not undergo the spring and fall turnover
associated with temperate lakes.  The net result is that the bottom waters are anoxic and
have very little biological activity.  These conditions result in an annually detailed
sediment record of yearly activities in the lake with each annual layer composed of white
and dark layer.  Annual laminations, or varves, in lake sediments consist of a couplet, or
two sediment layers, one dark and one light, representing differential seasonal deposition.
A classic study of a varved lake revealed that in general the light band consists of a
predominantly inorganic matrix of calcium carbonate that was precipitated from the upper
epilimnetic waters (upper water column) during the summer, when ambient pH is raised
by photosynthesis and temperature warm.  Calcium carbonate is insoluble at high
temperatures and pH levels.  The dark organic layers were deposited during the winter,
when all fine particulates rain out of the water column covered by an ice layer.  Counting
the couplets (alternating light and dark layers) provides a powerful method of dating a core,
analagous to counting tree rings (Tippet).

Specific lake conditions are listed below:

Crawford Lake, ON Small Lake, Colour Lake, 1
Cornwallis Island Axel Heiberg Island

                                                                                                                                              

lat/long S. Ontario High Arctic High Arctic
43°28'N 74°55'N 79°25'N
79°57'W 95°0'W 90°45'W

pH 7.5-8.0 7.4 ca. 3.5
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maximum 22.5 m 10 m 24 m
depth (Zm)
surface area 2.4 ha 15 ha 10.2 ha
elevation 279 m asl 5 m asl 176 m asl
                                                                                                                                              
1Three samples from Colour Lake will be done in 1997 in prep for 1998.

PROCEDURE

Part 1: Simultaneous determination of organic and inorganic anions by ion exchange
chromatography.

Preparation of sampling containers.
Polyethylene sample bottles to be used in sampling of surface waters must be cleaned

prior to with 10% HCl followed by thorough rinsing with deionized-distilled water (Type I)
and dried at room temperature.

Type I deionized-distilled water is prepared by passing distilled water through an ion-
exchange cartridge.

Sampling of surface waters.
Collect water samples in clear polyethylene bottles.  Be sure to "overfill" the bottles so

that when the cap is replaced there is no "headspace".  This is particular important in the
depth samples from Crawford Lake as these will be under anoxic conditions; we want to
be able to observe the change in anions with oxidation state.  Refrigerate samples as
quickly as possible, or place in an appropriate cool container.

Cleanup.
To filter the solution (if necessary) of any undissolved matter, pull 25 mL of the

sampled water into a plastic syringe.  Proceed by fitting a LC PVDF 0.2 µm Gelman
Acrodisc over the tip.  Evenly, expel all of the water into a clean Erlenmeyer flask. The
filtered solution is then ready for injection.  Make duplicate or if time allows, triplicate 250
µL injections.

Preparation of  standard curve.
Mixed standards of the following concentrations are to be made, 10, 20, 50, 250, and

1000 ng/g.  Take one mL of the stock 1000 mg/L and dilute to mark in a 100 mL
volumetric flask with 18 Ω deionized water. Take 10 mL of this solution and dilute to mark
in a 100 mL volumetric flask (1000 ng/g).  For the 250 ng/g solution, take 25 mL of the
1000 ng/g solution and dilute to mark in a 100 mL volumetric flask. For the 50 ng/g
solution, take 5 mL of the 1000 ng/g solution and dilute to mark in a 100 mL volumetric
flask.  For the 20 and 10 ng/g solutions, take 2 and 1 mL of the 1000 ng/g solution and fill
to mark in 100 mL volumetric flasks respectively. For the standard curve, inject 200 µL of
the standards.

1997:  Anions targeted for analysis are:  F-, Cl-, SO4-, PO43-, and NO32-.
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A water blank should be injected to test for any anions that may not be accounted for in
the standard solutions.

Ion chromatographic conditions.
Analytical reagent grade Na2CO3 and NaHCO3 will be used as the eluent in the

following concentrations : 1.8 mM Na2CO3 and 1.7 mM NaHCO3; flow rate will be
between 1 and 1.5 ml/min ~ check with your TA.

BACKGROUND REFERENCES

A.A. Ammann and T.B. Rüttimann. 1995. Simultaneous determination of small organic
and inorganic anions in environmental water samples by ion-exchange
chromatography. J. Chromat. A.  706:259-269.

W. Shotyk. 1993.  Ion chromatography of organic-rich natural waters from peatlands. J.
Chromat.    640:309-316.

Tippet, R. 1964. An investigation in the nature of the layering of deep-water sediments in
two eastern Ontario Lakes.  Canadian J Botany.  42:1693-1712.

National Laboratory for Environmental Testing. Manual of Analytical Methods, Vol. I.

Part 2: Analysis of trace metals by means of  ICP-AES and GFAAS.

Preparation of core sediment.
(To be performed ahead of time by TA's and students)  Core samples will be collected

and sectioned to specified portions. Each sub-sample will represent a time period (e.g. the
first 0.3 centimetres may be accumulated from 1996-1997 and so forth). Dry the samples
for 48 hrs in an oven at 65°C.

Each sample will then be ground in a mortar to pass a 40 mesh screen and then
thoroughly mixed before removing a subsample. Weigh 0.25 g of each sample into labeled
digestion tubes.

QA/QC.  You will be running a large number of spike/recovery, replicates, and blanks
during this experiment.  Please check the added "info" sheet for this experiment for
specifics.

Digestion of  sample.

1) Weight 0.25 gram of sample and place into the ACV vessel liner.
2) Add 5 mL of a 4:1 Nitric Acid/Hydrochloric Acid concentrated solution.
3) Mix the sample and acid until all of the sample has been wetted with acid.
4) Assemble the vessel.  Put vessel in the carousel and place in the microwave.
5) Program the MultiWave as follows and allow the sample to heat.

Heating Program
Stage (1) (2)
Power % 100 100
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Pressure (psig)max 200 200
Ramp Time (min) 15:00 1:00
Hold Time (min) 5:00 5:00
Temp (0C)max 175 200'

6) Allow the sample to cool, vent, and remove the vessel cap.

The sample should be colorless and contain white solids.

7) Transfer your extracted sample to labeled 25 ml volumetric flasks.  Dilute 
to the mark with 2% Nitric Acid.

Preparation of standards.
Two sets of standards are to be prepared for the ICP-AES and GFAAS portions of the

experiment.  For the ICP-AES, Pb, Mn, Fe, Cu, Al, and Cd standards will be made. For the
GFAAS, only Pb standards will be made.

GFAAS &ICP-AES standards.
Standards will be prepared ahead of time by the TAs by serially diluting from certified

1000 ppm solutions of each of the metals.  You will find mixed standards for the target
metals available for your use.

GFAAS:  0, 4, 6, 20, 50 ppb as Pb
ICP:  1, 10, 100, 1000, 10000, and 100000 ppb of Pb, Mn, Fe, Cu, and Cd

ICP/GFAAS Operation
TAs will instruct you in how to operate the graphite-furnace and the ICP.  Please review

the theory from lecture prior to coming to lab so that the basic concepts will be familiar.
Basic operation conditions are found below; see the TAs for any other specific parameters
you might need.

GFAAS.
We will be using the autosampler which will automatically add matrix modifier.  The

conditions listed below may change so make sure of each when you are running the
instruments.

Wavelength (283.3 nm) Slit Width (0.7)
Signal Type (AA-BG) Signal Measurement (Peak area)
Sample volume 25 µl
NH4H2PO4 5 µl (40 g/L)

Furnace conditions
Step # Temp Ramp Time Hold Time Internal Flow

1 70 5 5 250
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2 90 30 10 250
3 120 30 10 250
4 400 30 10 250
5 400 1 5 250
6 1800 0 5 0
7 2200 1 3 250 Clean-out

ICP.
Plasma parameters:
Source Equilibrium delay 15 sec
Plasma 15 L/min
Auxiliary 0.5 L/min
Nebulizer 0.8 L/min
Power 1300 watts
View Height 15 mm
Plasma view Radial
Replicates 2
Background correction± 0.02 nm

Wavelengths:
Pb 216.999 220.353 261.418
Mn257.610 260.569 294.920
Fe 238.204 239.562 259.940
Cu 224.700 324.754 327.396
Cd 214.438 226.502 228.802
Al 237.312 308.215 396.152

Data Transfer
All data will be shipped electronically directly from the ICP to your email address given

at the beginning of the course.  GFAAS Pb data will be provided in class.  Given the very
large sample size it is strongly suggested you down-load the data into a spreadsheet
program for data analysis.

BACKGROUND REFERENCES

S.M. Pyle, J.M. Nocerino, S.N. Deming, J.A. Palasota, J.M. Palasota, E.L. Miller, D.C.
Hillman, C.A. Kuharic, W.H. Cole, P.M. Fitzpatrick, M.A. Watson, and K.D. Nichols.
Comparison of AAS, ICP-AES, PSA, and XRF in Determining Lead and Cadmium in Soil.
Environ. Sci. Technol.  30(1):204-213, 1996.

X. Wen, L. Wu, Y. Zhang, and Y. Chu. Optimized microwave preparation procedure for
the elemental analysis of aquatic sediment. Fresenius J. Anal. Chem.   357:1111-1115,
1997.
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D.E. Kimborough and J. Wakakuwa. Interlaboratory Comparison of Instruments Used for
the Determination of Elements in Acid Digestates of Solids. Analyst.     119:383-388,
1994.

M. Baucells, G. Lacort, and M. Roura. Determination of Cadmium and Molybdenum in
Soil Extracts by Graphite Furnace Atomic-absorption and Inductively Coupled Plasma
Spectrometry. Analyst.   110:1423-1429, 1985.

H.R. Von Gunten, M. Sturm, and R.N. Moser. 200-Year Record of Metals in Lake
Sediments and Natural Background Concentrations. Environ. Sci. Technol.
31(8):2193-2197, 1997.

R.B. Cook, R. G. Kreis, Jr., J.C. Kingston, K.E. Camburn, S.A. Norton, M.J. Mitchell, B. Fry,
and L.C.K. Shane. Paleolimnology of McNearney Lake: an acidic lake in northern
Michigan. J. Palelimnology.    3:13-34, 1990.

D.R. Engstrom, C. Whitlock, S.C. Fritz, and H.E. Wright, Jr. Recent environmental changes
inferred from the sediments of small lakes in Yellowstone's northern range. J.
Paleolimnology.   5:139-174, 1991.

J.R. White and C.P. Gubala. Sequentially extracted metals in Adirondack lake sediment
cores. J. Paleolimnology.   3:243-252, 1990.

N. Radle, C.M. Keister, and R.W. Battarbee. Diatom, pollen, and geochemical evidence
for the palaeosalinity of Medicine Lake, S. Dakota, during the Late Wisconsin and early
Holocene. J. Paleolimnology.  2:159-172, 1989.

M.J. Mitchell, J.S. Owen, and S.C. Schindler. Factors affecting sulfur incorporation into
lake sediments: paleoecological implications. J. Paleolimnology.  4:1-22, 1990.

REPORT
For both the ion chromatography and GFAAS/ICP portions, plot all standard curves

relevant to each portion and combine your std curves into one graph for IC, one for ICP,
and one for GFAAS.  Calculate the anion quantities found in your water sample.

For the GFAAS/ICP, calculate the concentration of metals in the sediments. Compare
the lead concentrations as measured by GFAAS to those determined by ICP.  What
differences, if any, can be attributed to the different instruments?  You will need to be very
careful because some samples may be correctly determined from the data on the GFAAS or
the ICP but never both ~ you will need to determine this.  You also need to calculate the
spike & recoveries, replicates, and blanks.  Create a way to clearly show how well we did
QA/QC-wise.  A good activity would be to calculate from your blank values the greatest
error possible in your sample values.  Graphically show the changes in metal
concentrations  over time, and give plausible explanations to the reasons for the changes or
even, lack of change (e.g. industrial contamination, environmental catastrophes such as
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fires or floods, or post-depositional leaching).  This experiment will generate a very large
amount of data and part of the exercise is for you to be able to create meaningful ways of
"showing" what you've accomplished and what it means.
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Department of Chemistry
University of Toronto

CHM 410F/IES 1410F - Fall, 1999
Analytical Environmental Chemistry

TA/Demo Background & Instructions

Analysis of Anions in Lake Water by IC, and Trace Metals in
Core Sediments by ICP-AES and GFAAS

INTRODUCTION

There is a growing need to continuously monitor chemical pollutants and, in

particular, trace elements and anions, in natural aquatic systems, both to obtain

deeper insight into natural processes in general and to understand the relationship

between anthropogenic releases and their long-term impact on man and the

environment. Trace elements are not biodegradable but are involved in

biogeochemical cycles and distributed in various physicochemical forms (1). The

sediment acts as source or sink, depending on the metal redox characteristics and

on the geochemical conditions of the lake (1). Some oxide anions may exist in

oxidized or reduced forms in the water depending on the anoxic condition of the

lake.

Sediments that accumulated heavy metals are partly of natural origin, but

large amounts of metals also may be discharged by industry. Analysis of dated

sediment cores has been used to infer the depositional history of metals in lakes

(2,3). The sediment records from lakes could therefore provide information on

temporal trends of deposition of metal contaminants. However, factors unique to

Arctic & North American lakes such as long periods of ice cover and low

sedimentation rates may limit inputs to bottom sediments and makes them a less

significant reservoir for metals than temperate lakes.
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The purpose of this experiment is to familiarize students with techniques and

state of the art equipment employed in the examination of aquatic systems. By

applying a special �freeze core� technique, students are able to examine the

sedimentary profiles and temporal trends of metals in sediment. Core samples

provide an accurate account of the sediment history. A closed system is created that

prevents components from further contamination by continual deposition of more

sediment.

Pb, Cu, Cd, Hg, Fe and Al content in sediment will be analyzed by ICP,

while Pb will also be determined by GFAAS. Based on the performance of the

calibration curves and spike/recoveries, students can critically compare the use of

these two instruments. In addition, students will measure NO3
-, PO4

3-, Cl- and SO4
2-

content in lake water by IC for anoxic condition evaluation and the oxidation-

reduction potentials of environmental waters. Sources of these anions are from

natural rock and domestic or industrial discharges.

EXPERIMENTAL PROCEDURE

The lake chosen for this experiment, Crawford Lake, is meromictic (4). This

means it does not turn over during the year and thus the bottom waters are anoxic

and have little biological activity. These conditions result in an annually detailed

sediment record of yearly activities in the lake with each annual "ring" observed in

the sediment as white and dark layers. This allows a very efficient and inexpensive

dating of the sediment core.

Students will have a chance to visit Crawford Lake and learn a technique that

involves the immersion of a core in the sediment. This allows the sediment �record�

to freeze onto the cold core for 7 to 15 minutes. The cooled sediment with �record�

will be stored in dry ice and shipped back to the lab. Surface water samples from
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Crawford Lake (evenly divided into 4 areas) will be sampled in duplicate.  There

will be 3 duplicate depth water samples (5, 10 & 15 meter) in the center of the lake

for SO4
2-, Cl-, PO4

3- and NO3
- analysis. Water samples should be stored in the cooler

with ice during transportation to the lab. A large number of spike/recoveries,

replicates, and blanks will be performed in this experiment to ensure students gain

experience in a good QA/QC program exercise.
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Preparation of sediment core sample

The cooled sediment core is segmented with depth according to

different time periods by counting the annual rings. Each sample will

then be dried for 48 hours at 65oC and ground to pass 40 mesh for

subsequent weighing. There will be approximately 22 sediment samples

for Crawford Lake and perhaps others that become available.

Preparation of sampling container and glassware

1) Polyethylene sample bottles to be used in sampling of surface waters

must be cleaned prior to use with 10% HCl (Certified ACS grade)

followed by thorough rinsing with 18 MΩ water and drying at room

temperature.

2) Prepare 2 liter of 10% HCl for the washing.

3) There will be a total of 14 polyethylene bottles (125 mL) needed for

the water samples but TA should prepare 5 extra bottles for backup

purposes.
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4) All glassware, including pipettes and volumetric flasks for metals

analysis must be cleaned prior to use with 5% HNO3 (TraceMetal

grade otherwise a low grade acid will have metal contamination)

followed by thorough rinsing with 18 MΩ water.

5) Prepare 3 liter of 5% HNO3 (TraceMetal grade) for glassware

washing and 1 liter of 5% HNO3 (ultra high purity Optima grade) for

the make up solution in calibration standard.

6) There will be a total of approximately 22 sediment samples plus 12

QA/QC.

Preparation for digestion of sediment samples - metals analysis

The digestion method to be used is a fast and convenient microwave method.

Details of the instrumental parameters are listed in Table 1. The student lab

procedures for microwave digestion are provided in appendix for your reference.

1) Six Teflon vessels should be prepared (Note: if using quartz vessel AVOID

scratching the cell wall by any glassware e.g. pipette).

2) Prepare 500mL of mix acid HNO3: HCl = 4:1 (both acids are ultra high purity

Optima grade), 5 mL per sample will be used for the digestion.

3) Prepare 45 pre-washed 25 mL volumetric flasks for the extracted samples and

include 5 extra for backup purposes.
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Preparation for Laboratory Instrumentation Analysis

TA will need to set up the ICP, GFAAS and IC instrument for this

experiment. Table 1 lists the required instrumental parameters.

Metals Analysis

1) Prepare standard curves of 50, 100 and 1000 ppb for Pb, Cu, Cd and Hg for ICP

analysis.

2) Pipette 1 mL of 100 ppm mixed standard solution (contains Pb, Cu, Cd and Hg)

into a 100 mL volumetric flask and dilute to mark with 5% HNO3 acid to obtain

1000 ppb standard.

3) From 1000 ppb mixed standard solution, pipette 5 and 10 mL into

two separate 100 mL volumetric flasks and dilute to mark with 5%

HNO3 acid to obtain 50 and 100 ppb solutions respectively.

4) For Fe and Al prepare 100 & 1000 ppm for ICP analysis.

5) Pipette 10 mL of 1000 ppm Fe and Al standard solution into a 100 mL

volumetric flask and dilute to mark with 5% HNO3 acid to obtain 100 ppm

standard.

6) Calibration standards for GFAAS analysis will be diluted by autosampler for 4, 8,

20 and 40 ppb of Pb.

7) Prepare 10 ppm Pb by diluting 1mL of 1000 ppm stock Pb solution to 100 mL in

a pre-washed volumetric flask. Then prepare 100 ppb Pb for GFAAS by solution

diluting 1mL of 10 ppm Pb solution to 100 mL in a pre-washed volumetric flask.

Make up to mark using 5% HNO3.
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8) Program the autosampler using the prepared stock 100 ppb Pb as follows:-

Stock solution = 100 ppb Pb; Total injection volume = 25 µL

Calibration curve

(ppb)

Stock Pb volume (µL) Diluting volume (µL)

40

20

8

4

10

5

2

1

15

20

23

24

9) QA/QC will include replicates of five randomly selected samples, four

spike/recoveries on one sample (25 µg Pb, 5 µg Cd & 15 µg Cu spike), 3 reagent

blanks & one triplicate standard reference material of sediment (marine sediment

from Beaufort Sea). The corresponding certified values of this reference material

are Pb 21.9±1.2 mg/kg, Cd 0.24±0.01 mg/kg and Cu 39.3±2.0 mg/kg.
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Table 1. Instrumentation and conditions for metal and anions analysis

Microwave instrument

Instrument : Perkin Elmer Multiwave

Program : (i) 400W for 6 min (ii) 900W for 10min then (iii) 0W for 15min.
Total time : 31 min

IC instrument

Instrument : Perkin Elmer Series 200 IC pump

Column : Dionex IonPac AS14, 32cm x 4mm (10-32)
Detector : Alltech 550 Conductivity detector
Suppressor : Alltech ERIS 1000 HP autosuppressor
Mobile phase : 3.5 mmol NaCO3/1 mmol NaHCO3

Flow Rate : 1.0 ml/min

GFAA instrument

Instrument : Perkin Elmer Aanalyst 100, HGA 800, AS-72

Spectrometer : Pb wavelength = 283.3nm, slit width = 0.70nm, read time = 5 s, BOC time = 2 s, background
corrected, measurement = peak area

Volume injected : 25µl sample or standard + 5µl matrix modifier of NH4H2PO4 (0.04g/ml)
Injected temperature : 20oC
Furnace Program : temperature (oC) ramp time hold time Internal flow (Ar)

 Drying   70   5   5 250
  90 30 10 250
 120 30 10 250

 Ashing  400 30 10 250
 400   1   5 250

 Atomization 1800   0   5     0

ICP-AES instrument

Instrument            : Perkin Elmer Optima 3000DV, AS90
Plasma : Plasma, Auxiliary, Nebulizer = 15, 0.5, 0.8 L/min
Power : 1300 W, view high = 15mm
Pump : sample 1.0 ml/min; flush rate, time = 4.0 ml/min, 10s; read delay = 60s

Wavelength : Pb 220.353, 216.999, 261.418 axial Mn 257.610, 260.569, 294.920 axial

Fe 238.204, 239.562, 259.940 radial Cu 324.754, 224.700, 327.396 axial
Cd 214.438, 226.502, 228.802 axial Ni 232.003, 231.604, 221.647 axial
Ti 334.941, 336.121, 337.280 axial Tl 190.800, 276.787 axial
Al 308.215, 396.152, 237.312 radial Hg 253.652, 194.168 axial

REFERENCES

1 Nriagu J. et al .  Dissolved Trace Metals in Lakes Superior, Erie, and Ontario.
Environ. Sci. Technol.  30:178-187 1996.

2 Schaller T.  et al .  Sedimentary profiles of Fe, Mn, V, Cr, As and Mo as indicators
of benthic redox conditions in Baldeggersee. Aquat. Sci. 59:345�361, 1997.
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3 H.R. Von Gunten, M. Sturm, and R.N. Moser. 200-Year Record of Metals in Lake
Sediments and Natural Background Concentrations. Environ. Sci. Technol.
31(8):2193-2197, 1997.

4 Rybak M .  and Dickman M. .  Paleoecological reconstruction of
changes in the productivity of a small, meromictic lake in southern
Ontario, Canada. Hydrobiologia.  169:293-306 1988.
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APPENDIX

Digestion of sample by microwave for metals analysis

1) Weigh about 250 mg of sample and place into the Teflon vessel liner.

2) Add 5 mL of Nitric Acid and Hydrochloric Acid mixture (HNO3 : HCl = 4:1).

3) Mix the sample and acid until all the sediment has been wetted with acid.

4) Assemble the vessel in the carousel and place in the microwave.

5) Program the MultiWave as in Table 1 and allow the sample to heat.

6) When finished digesting allow to cool and transfer extract into a 25 ml

volumetric flask & dilute to mark with 18 MΩ water. (Note: if using quartz

vessel AVOID scratching the cell wall by pasture pipette.)

7) Quantitatively analyze the extract by ICP and GFAAS (Pb only).

Laboratory Instrumentation Analysis

Anions Analysis

1) Prepare 1, 5, 10 and 50 ppm of SO4
2- and Cl- for ion chromatography analysis.

2) Pipette 1 and 5 mL of 1000 ppm stock solution into two separate

100 mL volumetric flasks and dilute to mark with 18 MΩ water to

obtain 10 and 50 ppm solutions respectively.

3) From 50 ppm solution, pipette 2 and 10 mL into two separate 100

mL volumetric flasks and dilute to mark with 18 MΩ water to obtain

1 and 5 ppm solutions respectively.
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4) Prepare 25, 100, 500 and 1000 ppb of NO3
- and PO4

3- for ion chromatograph

analysis.

5) Pipette 1 mL of 1000 ppm stock solution into 100 mL volumetric

flask and dilute to mark with 18 MΩ water to obtain 10 ppm

solutions.

6) From 10 ppm solution, pipette 1, 5 and 10 mL into three separated

100 mL volumetric flasks and dilute to mark with 18 MΩ water to

obtain 100, 500 and 1000 ppb solutions respectively.

7) Pipette 5 mL of 500 ppb solution into a 100 mL volumetric flask and

dilute to mark with 18 MΩ water to obtain 25 ppb solutions.

8) All samples and standards are injected in duplicate with 200 µl for anion

analysis by ion chromatography.
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