REFERENCES ‘“”

Ali, Syed Javed; Rao, Jonnalagadda Raghava and Nair, Balachandran l. Novel
approaches to the recovery of chromium from the chrome-containing
wastewaters of the leather industry. Green Chemistry 2(6) (2000): 298-302.

Ayoub, G.M., Merhebi, F., Abdallah, R., Acra, A. and El Fadel, M. Coagulation of

alkalinized municipal wastewater using seawater bittern. Water Envir Res,
71 (1999): 443-453,

Ayoub, G.M., Merhebi, F., Acra, A, El Fadel, M., and Koopman, B. Seawater
bittern for the treatment of alkalized industrial effluents. Water Envir. 34
(2000): 640-656.

Ayoub, G.M., ASCE, Semeijian, L., Acra, A, EI Fadel, M., and Koopman, B.
Heavy metal removal by coagulation with Seawater liquid bittern. Envir.
Eng. 127 (2001): 196-207.

Azeez, Wisam I., Salomi, Issam J., and Dawood, Zuhhor F. A laboratory study for
the recovery and reuse of chromium from spent tanning liquors at optimized
conditions. Iraqi Journal of Science 30(4) (1990): 511-24.

Bojanowska, I. Recovery of chromium from sludge formed after neutralization of
chromic wastewater. Polish Journal of Environmental Studies 11(2) (2002):
117-121.

Chemical Fact Sheet, “Chromium” http://lwww.speclab.com

Chromium http:/lwww.stsdr.cdc.gov

D. Neal Boehnke and R.Del Delumyea, Laboratory Experiments in Environmental
Chemistry New Jersey: Prentice-Hall, Inc., 2000.

Food and Agricultural Industry “Leather Tanning” http://lwww.epa.gov

Fabiani, C. , Ruscio, F ., Spadoni, M. and Pizzichini, M. Chromium(in) salts recovery
process from tannery wastewaters. Desalination 108(1-3) (1996): 183-191.

Faire Benejam, M. and Oliver Pujol, R. Wastewater treatment. Contamination
reduction from chromium tanning. Ingenieria Quimica (Madrid) 32(365)
(2000): 172-176.

Gancy, Alan B. and Kaminski, Chester J. Separation of dissolved strontium, calcium,
and magnesium impurities from a crude sodium chloride salt solution. Ger.
Offen. (1977): 27 pp.


http://www.speclab.com
http://www.stsdr.cdc.gov
http://www.epa.gov

65

Gary . vanloon and Stephen J. Duffy, Environmental Chemistry Oxford university
press, 2000.

Hmjic, Rasim .Possibility of chromium recovery from waste tanning liquor at the skin
tannery at Visoko. KozaiObuca 34(3) (1985): 60-2.

Khavroshin, G. N., Zurabyan, E. K., Mnuskina, N. K. and Baikina. Intensification of
the recovery of chromium compounds from spent tanning solutions.
Kozhevenno-Obuvnaya Promyshlennost 9 (1987): 14-15.

Khodorkovskaya, . I, Petrenko, . A., Zarazilov, I. ., Voroshilov, G. N.
Samoilenko, V. I. and Aranovich, E. L. Removing magnesium and calcium
compounds from sodium chloride brine. . . .R. (1986)

Lee, John M. and Bauman, William C. Removal of magnesium and calcium ions
from sodium chloride brine. . . (1983): 4 pp.

Langerwerf, J. . A., De Wijs, J. C., Pelckmans, H. H. A. and Koopman, R. C.
Precipitation and recycling of trivalent chromium. Revue Technique des
Industries du Cuir 69(5) (1977): 158-63.

Langerwerf, J. . A, Waalwijk, Neth. and Radnoti, Laszlo. Recovery and reuse of
trivalent chromium. Proc. - Congr. Leather Ind. 1 (1978): 251-61.

Man, Yankang. Method removal of magnesium from sodium chloride brine. Laming
Zhuanil Shenging Gongkal Shuomingshu. (1991) 8 pp.

Mary Ann H. Franson (Ed.) Standard Methods for the examination of water and
wastewater. 18thed. (Washington: APHA, AWWA, WEF, 1992)

Martin Marietta Magnesia Specialties, “Magnesium Oxide”
http:/lwww.magspecialties.com

Michael D. Lagrega and David A. Long Toxic and Hazardous Wastes.

Technomic Pulishing. Co., Inc., 1984.

Paul  N. Cheremissinoff, Handbook of Water and Wastewater Treatment
Technology, New York: Marcel Dekker, Inc., 1995,

Palmer . A. K., Metal / Cyanide Containing Wastes. New Jersey: Noys Data
Corporation, 1988.

Pathe, P. P., Nandy, T., Kaul, . N. and Szpyrokwicz, L. Chromium recovery from
chrome tanning wastewater. International Journal of Environmental Studies
51(2) (1996): 125-145.


http://www.magspecialties.com

66

Pribicevic, Svetozar and Stancic, Bogdan. Removal of Ca2+ and M g2+ from sodium
chloride solutions. Induction period of the calcium carbonate + magnesium
hydroxide suspension. Glasnik Hemijskog Drustva Beograd 35(4-6) (1970)
363-8.

Richard J. Watts, Hazardous W astes. New York: John Wiley & Sons, Inc., 1997,

Suleimanov, . D., Garibov, I. M. and Abdullaeva, Z. I. Secondary raw material from
chromium of the Baku tanning factory. Azerbaidzhanskii Khimicheskii
Zhumal 1(1988): 144-8.

Siddiqui, Asif A., Khursheed, Anwar, Farooqi, . H. and Siddiqui, Rashid H.
Economics of chromium recovery from spent chrome tan liquor. Indian
Journal of Environmental Health 40(2) (1998): 142-152.

Sreeram, K. J., Rao, J. Raghava, Venba, R., Nair, Balachandran | and Ramasami
T. Factors in gravitational settling of chromic hydroxide in aqueous media.
Journal of the Society of Leather Technologists and Chemists 83(2) (1999):
111-114,

Shevchenko, T. V., Korshunova, O. I. and Novokreshchenova, L. F. Purification of
sodium chloride solution by removing calcium and magnesium salts. Russ.
(2002) No pp. given.

Thai Development and German Cooperation, Seminar on the Profitability of
clean technology in the leather tanning industries, Thailand, 1992.
Tongchai Panswad and Orathai Chavalparit. A bench - scale study on chromium

recovery from tanning wastewater. Water Science & Tech. 31 (1995):73-81.

Tomaselli, M. and Castiello, D. Use of chromium hydroxide recovered by
precipitation as an oxidizing agent in the leather industry. Cuoio, Pelli,
Materie Concianti 57(3) (1981): 255-68.

V.p. Evangelou, Environmental Soil and Water Chemistry. New York: John Wiley &
Sons, Inc., 1998.

. Wesley Eckenfelder, Jr. Industrial water pollution control, 3rd ed.. Singapore:
McGraw-Hill, 2000.

W.J. Eilbeck and G. Mattock, Chemical process in wastewater treatment,
McGraw-Hill, 1987.

Werner Stumm and James J. Morgar, Aquatic Chemistry, 3rded. New York: John
Wiley & Sons, Inc., 1996.



Appendices



Appendix A



69

METALS BY ATOMIC ABSORPTION SPECTROMETRY* (Method 3110)

Because requirements for determining metals by atomic absorption
spectrometry very with metal and/or concentration to be determined, the method is
presented as follows:

Section 3111, metals by Flame atomic Absorption Spectrometry, encompasses:

« Determination of antimony, bismuth, cadmium, calcium, cesium, chromium,
cobalt, copper, gold, iridium, iron, lead, lithium, magnesium, manganese, nickel,
palladium, potassium, rhodium, ruthenium, silver, strontium, thallium, tin, and zinc by
direct aspiration into an air-acetylene flame (3111B).

« Determination of low concentrations of cadmium, chromium, cobalt,
copper, iron, lead, manganese, nickel, silver, and zinc by chelation with ammonium
pyrrolidine dithiocarbamate (APDC), extraction into methyl isobutyl ketone (MfBK),
and aspiration into an air-acetylene flame (3111C)

« determination of aluminum, barium, beryllium, molybdenum, osmium,
rhenium, silicon, thorium, titanium, and vanadium by direct aspiration into a nitrous
oxide-acetylene flame (3111D) and

« Determination of low concentrations of aluminum and beryllium by
chelation with 8-hydroxyquinoline, extraction into MIBK, and aspiration into a
nitrous oxide-acetylene flame (311 1E).

Section 3112 covers determination of mercury by the cold vapor technique,

Section 3113 concerns determination of micro quantities of aluminum,
antimony, arsenic, barium, beryllium, cadmium, chromium, cobalt, copper, iron, lead,
manganese, molybdenum. Nickel, selenium, silver, and tin by electrothermal atomic
absorption spectrometry.

Section 3114 covers determination of arsenic and selenium by conversion to
their hydrides and aspiration into an argon-hydrogen or nitrogen-hydrogen flame.

* Approvel by Standard Methods Committee, 1988.
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METALS BY FLAME ATOMIC ABSORPTION SPECTROMETRY*

(Method 3111)
Introduction

1. Principle

Atomic absorption spectrometry resembles emission flame photometry in that
a sample is aspirated into a flame and atomized. The major difference ins that in
flame photometry the amount of light emitted is measured, whereas in atomic
absorption spectrometry a light beam is directed through the flame, into a
monochromator, and onto a detector that measures the amount of light absorbed by
the atomized element in the flame. For some metal, atomic absorption exhibits
superior sensitivity over flame emission.  Because each metal has its own
characteristic absorption wavelength, a source lamp composed of that element is used,
this makes the method relatively free from spectral or radiation interferences. The
amount of energy at the characteristic wavelength absorbed in the flame is
proportional to concentration of the element in the sample over a limited
concentration range. Most atomic absorption instruments also are equipped for

operation in an emission mode.
2. Section of Method
See Section 3110

3. Interferences

a. Chemical interference: m any metals can be determined by direct aspiration
of sample into an air-acetylene flame. The most troublesome type of interference is
termed “chemical” and results from the lack of absorption by atoms bound in
molecular combination in the flame. This can occur when the flame is not hot enough
to dissociate the molecules or when the dissociated atom is oxidized immediately to a
compound that will not dissociate further at the flame temperature.  Such
interferences may be reduced or eliminated by adding specific elements or
compounds to the sample solution. For example, the interference of phosphate in the
magnesium determination can be overcome by adding lanthanum.  Similarly,
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introduction of calcium eliminates silica interference in the determination of
manganese. However, silicon and metals such as aluminum, barium, beryllium, and
vanadium require the higher-temperature, nitrous oxide-acetylene flame to dissociate
their molecules. The nitrous oxide-acetylene flame also can be useful in minimizing
certain types of chemical interferences encountered in the air-acetylene flame. For
example, the interference caused by high concentrations of phosphate in the
determination of calcium in the air-acetylene flame does not occur in the nitrous
oxide-acetylene flame.

Brines and seawater can be analyzed by direct aspiration but sample dilution is
recommended. Aspiration of solutions containing high concentrations of dissolved
solids often results in solids buildup on the burner head. This requires frequent shut-
down of the flame and cleaning of the burner head. Preferably use background
correction when analyzing waters that contain in excess of 1% solids, especially when
the primary resonance line of the element of interest is below 240 nm. Make more
frequent recovery checks when analyzing brines and seawaters to insure accurate
results in these concentrated and com plex matrices

b, Background correction: Molecular absorption and light scattering
by solid particles in the flame can cause erroneously high absorption values resulting
in positive errors. When such phenomena occur, use background correction to obtain
accurate values. Use any one of three types of background correction: continuum-
source. Zeeman, or Smith-Hieftje correction.

1) Continuum-source background correction— A continuum
background corrector utilizes either a hydrogen-filled hollow cathode lamp with a
metal cathode or a deuterium are lamp. When both the line source hollow-cathode
lamp and the continuum source are placed in the same optical path and are
timeshared, the broadband background from the elemental signal is subtracted
electronically, and the resultant signal will be background-compensated.

Both the hydrogen-filled hollow-cathode lamp and deuterium are lamp have
lower intensities than either the line source hollow cathode lamp or electrodeless
discharge lamps. To obtain a valid correction, match the intensities of the continuum
source with the line source hollow-cathode or electrodeless discharge lamp. The
matching may result in lowering the intensity of the line source or increasing the slit
width; these measures have the disadvantage of raising the detection limit and
possible causing nonlinearity of the calibration curve. Background correction using a

caused

source
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continuum source corrector is susceptible to interference from other absorption lines
in the spectral bandwidth. Miscorrection occurs from significant atomic absorption of
the continuum source radiation by elements other than that being determined. When
a line source hollow-cathode lamp is used without background correction, the
presence of an absorbing line from another element in the spectral bandwidth will not
cause an interference unless it overlaps the line of interest.

Continuum-source background correction will not remove direct absorption
spectral overlap, where an element other than that being determined is capable of
absorbing the line radiation of the element under study.

2) Zeeman background correction— This correction is based on the principle
that a magnetic field splits the spectral line into two linearly polarized light beams
parallel and perpendicular to the magnetic field. One is called the pi (7) component
and the other the sigma (a) component. These two light beams have exactly the same
wavelength and differ only in the plane of polarization. The 7 line will be absorbed
by both the atoms of the element of interest and by the background caused by
broadband absorption and light scattering of the sample matrix. The ¢ line will be
absorbed only by the background.

Zeeman background correction provides accurate background correction at
much higher absorption levels than is possible with continuum source background
correction systems. Italso virtually eliminates the possibility of error from structured
background. Because no additional light sources are required, the alignment and
intensity limitations encountered using continuum sources are eliminated.

Disadvantages of the Zeeman method include reduced sensitivity for some
elements, reduced linear range, and a “rollover” effect whereby the absorbance of
some elements begins to decrease at high concentrations, resulting in a two-sided
calibration curve.

3) Smith-Hieftje background correction— This correction is based on the
principle that absorbance measured for a specific element is reduced as the current to
the hollow cathode lamp is increased while absorption of nonspecific absorbing
substances remains identical at all current levels. When this method is applied, the
absorbance at a high-current mode is subtracted from the absorbance at a low-current
mode. Under these condition, any absorbance due to nonspecific background is
subtracted out and corrected for.
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Smith-Hieftje background correction provides a number of advantages over
continuum-source correction. Accurate correction at higher absorbance levels is
possible and error from structured ackground is virtually eliminated. In some cases,
spectral interferences also can be eliminated. The usefulness of Smith-Hiefitje
background correction with electrodeless discharge lamps has not yet been
established.

FLAME ATOMIC ABSORPTION SPECTROMETRY (311 Introduction

4. Sensitivity, Detection Limits, and Optimum Concentration Ranges

The sensitivity of flame atomic absorption spectrometry is defined as the
metal concentration that produces an absorption of 1% (an absorbance of
approximately 0.0044). The instrument detection limit is defined here as the
concentration that produces absorption equivalent to twice the magnitude of the
background fluctuation. Sensitivity and detection limits vary with the instrument, the
element determined, the complexity of the matrix, and the technique selected. The
optimum concentration range usually starts from the concentration of sevaral times
the sensitivity and extens to the concentration at which the calibration curve starts to
flatten. To achieve best results, use concentrations of samples and standards within
the optimum concentration range of the spectrometer. See Table 3111:1 for
indication of concentration ranges measurable with conventional atomization. In
many in stances the concentration range shown in Table 3111:1 may be extended
downward either by scale expansion or by integrating the absorption signal over a
long time. The range may be extended upward by dilution, using a less sensitive
wavelength, rotating the burner head, or utilizing a microprocessor to linearize the
calibration curve at thigh concentrations.

5. Preparation of Standards

Prepare standard solution of known concentrations in water with a matrix
similar to the sample. Use standards that bracket expected sample concentration and
are within the method’s working range. Very dilute standards should be prepared
daily from stock solutions in concentrations greater than 500 mg/L. Stock standard
solution can be obtained from several commercial sources. They also can be prepared
from National Institute of Standards and Technology (NIST, formerly National
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Bureau of Standards) reference materials or by procedures outlined in the following
sections.

For samples containing high and variable concentrations of matrix materials,
make the major ions in the sample and the dilute standard similar. It the sample
matrix is complex and components connot be matched accurately with standards, use
the method of standard additions), to correct for matrix effects. If digestion is used,
carry standard through the same digestion procedure used for samples.

6. Apparatus

a. Atomic absorption spectrometer, consisting of a light source emitting the
line spectrum of an element (hollow-cathode lamp or electrodeless discharge lamp), a
device for vaporizing the sample (usually a flame), a means of isolating an absorption
line (monochromator of filter and adjustable slit), and a photoelectric detector with its
associated electronic amplifying and measuring equipment.

b. Burner: The most common type of burneris apremix, which introduces the
spray into a condensing chamber for removal of large droplets. The burner may be
fitted with a conventional head containing a single slot: a three-slot Boling head,
which may e preferred for direct aspiration with an air-acetylene flame; or a special
head for use with nitrous oxide and acetylene.
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TABLE 3111:1 ATOMIC ABSORPTION CONCENTRATION RANGES WITH
DIRECT ASPIRATION ATOMIC ABSORPTION

Instrument Optimum
Element  Wavelength Flame Detection Sensitivity ~ Concentration
nm Gases* Limit mg/l Range
mg/L mg/l
Ag 328.1 A-Ac 0.01 0.06 0.1-4
Al 309.3 N-Ac 0.1 1 5-100
Au 242.8 A-Ac 0.01 0.25 0.5-20
Ba 553.6 N-Ac 0.03 0.4 1-20
Be 234.9 N-Ac 0.005 0.03 0.05-2
Bi 223.1 A-Ac 0.06 0.4 1-50
Ca 422.7 A-Ac 0.003 0.08 0.2-20
Cd 228.8 A-Ac 0.002 0.025 0.05-2
Co 240.7 A-Ac 0.03 0.2 0.5-10
Cr 357.9 A-Ac 0.02 0.1 0.2-10
Cs 852.1 A-Ac 0.02 0.3 0.5-15
Cu 324.7 A-Ac 0.01 0.1 0.2-10
Fe 248.3 A-Ac 0.02 0.12 0.3-10
Ir 264.0 A-Ac 0.6 8 -
K 766.5 A-Ac 0.005 0.04 0.1-2
Li 670.8 A-Ac 0.002 0.04 0.1-2
Mg 285.2 A-Ac 0.0005 0.007 0.02-2
Mn 279.5 A-Ac 0.01 0.05 0.1-10
Mo 3133 N-Ac 0.1 0.5 1-20
Na 589.0 A-Ac 0.002 0.015 0.03-1
Ni 232.0 A-Ac 0.02 0.15 0.3-10
0s 290.9 A-Ac 0.08 1 -
Ph+ 283.3 A-Ac 0.05 0.5 1-20
Pt 265.9 A-Ac 0.1 2 5-75
Rh 3435 A-Ac 0.5 0.3 -
Ru 349.9 A-Ac 0.07 0.5 -
Sh 217.6 A-Ac 0.07 0.5 1.40
Si 251.6 N-Ac 0.3 2 5-150
224.6 A-Ac 0.8 4 10-200
Sr 460.7 A-Ac 0.03 0.15 0.3-5
Ti 365.3 N-Ac 0.3 2 5-100
Vv 318.4 N-Ac 0.2 15 2-100
Zn 243.9 A-Ac 0.005 0.02 0.05-2

* A-Ac = nitrous oxide-acetylene..
+ The more sensitive 217.0 nm wavelength is recommended for instruments with
background correction capabililities.

Copyright OASTM . Reprinted with permission.
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C. Readout: Most instruments are equipped with either a digital or null meter
readout mechanism. Most modem instmments are equipped with microprocessors
capable of integrating absorption signals over time and linearizing the calibration
curve at high concentrations.

d Lamps: Use either a hollow-cathode lamp or an electrodeless dischare lamp
(EDL). Use one lamp for each element being measured. Multi-element hollow-
cathode lamps generally provide lower sensitivity than single-element lamps. EDLs
take a longer time to warm up and stabilize.

€. Pressure-reducing valves: Maintain supplies of fuel and oxidant at
pressured somewhat higher than the controlled operating pressure of the instrument
by suing suitable reducing valves. Use a separate reducing valve for each gas.

f. Vent: Place a vent about 15 to 30 ¢cm above the burner to remove fumes and
vapors form the flame. This precaution protects laboratory personnel from toxic
vapors, protects the instrument from corrosive vapors, and prevents flame stability
from being affected by room drafts. A damper or variable-speed blower size to
provide the air flow recommended by the instrument manufacturer. In laboratory
locations with heavy particulate air pollution, use clean laboratory facilities.

7. Quality Assurance/Quality Control

Some data typical of the precision and bias obtainable with the methods
discussed are presented in Tables 3111 :1l and H1.

Analyze a blank between sample or standard readings to verify baseline
stability. Rezero when necessary.

To one sample out of every ten (or one sample from each group of samples if
less than ten are being analyzed) add a known amount of the metal of interest and
reanalyze to confirm recovery. The amount of metal added should be approximately
equal to the amount found. If little metal is present add an amount close to the middle
of the linear range of the test. Recovery of added metal should be between 85 and
115%.

Analyze an additional standard solution after every ten samples or with each
batch of samples, whichever is less, to confirm that the test is in control.
Recommended concentrations of standards to be run, limits of acceptability, and
reported single-operator precision data are listen in Table 3111 :11I



1

TABLE 3111:111 INTERLABORATORY PRECISION AND BLAS DATA FOR
ATOMIC ABSORPTION METHODS—DIRECT ASPIRATION AND
EXTRACTED METALS

Relative
Metal Cone. SD Relative SD Error No. of
mg/L  mg/L % % Participants

Direct determination:

Aluminum1 4.50 0.19 4.2 8.4 5
Barium? 1.00 0.089 8.9 2.7 1
Beryllium1 046  0.0213 4.6 23.0 11
Cadmium3 0.05 0.0108 21.6 8.2 26
Cadmiuml 1.60 0.11 6.9 5.1 16
Calcium1 5.00 0.21 4.2 0.4 8
Chromium1 3.00 0.301 10.0 3.7 9
Cabaltl 4.00 0.243 6.1 0.5 14
Copper3 1.00 0.112 11.2 3.4 53
Copperl 4.00 0.331 8.3 2.8 15
lronl 4.40 0.260 5.8 2.3 16
[ron3 0.30  0.0495 16.5 0.6 43
Leadl 6.00 0.8 4.7 0.2 14
Magnesium3 0.20 0.021 10.5 6.3 42
Magnesium1 1.10 0.116 105 10.0 8
Manganesel 4.05 0.317 7.8 1.3 16
Manganese3 0.05  0.0068 13.5 6.0 14
Nickell 3.93 0.383 9.8 2.0 14
Silver3 0.05  0.0088 17.5 10.6 7
Silverl 2.00 0.07 3.5 1.0 10
Sodium1 2.70 0.122 45 4.1 12
Strontium1 1.00 0.05 5.0 0.2 12
Zinc3 0.50 0.041 8.2 0.4 48
Extracted determination:

Aluminum?2 300 32 10.7 0.7 15
Beryllium?2 5 17 34.0 20.0 9
Cadmium3 50 21.9 43.8 13.3 12
Cobaltl 300 28.5 9.5 1.0 6
Copperl 100 717 717 12.0 8
Ironl 250 19.0 7.6 3.6 4
Manganesel 21.5 2.4 112 1.4 8
Molybdenum1 9.5 1.1 11.6 1.3 5
Nickell 56.8 15.2 26.8 13.6 14
Lead3 50 11.8 23.5 19.0 8
Silverl 5.2 14 26.9 3.0 7

Source: AMERICAN SOCIETY FOR TESTING ND MATERIALS, 1986. Annual
Book of ASTM Standards, Volume 11.01, Water ad Environmental Technology,
American Soc. Testing & Materials, Philadelphia, Pa. Copyright ASTM. Reprinted
with permission.
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FLAME ATOMIC ABSORPTION SPECTROMETRY (3111)/ Direct Air-Acetylene
Flame Method

TABLE 3111 Il  SINGLE-OPERATOR PRECISION AND RECOMMENDED
CONTROL RANGES FOR ABSORPTION METHODS— DIRECT ASPIRATION
AND EXTRACTED METALS

Con SD Relative No.of QC

C. SD
Metal mg/  mg/L % Participan  Std. Acceptable
L ts Range
mg/ mg/L
L
Direct
determination:
Aluminum 1 450 0.23 5.1 15 5.00 4.3-5.7
Beryllium 1 0.46 0.012 2.6 10 0.50 0.46-0.54
Calcium1 5.00 0.05 1.0 8 5.00 4.8-5.2
Chromium1 7.00  0.69 9.9 9 5.00 3.3-6.7
Cobaltl 4.00 021 5.3 14 4.00 3.4-4.6
Copperl 4.0 0.115 2.9 15 4.00 3.7-4.3
Irani 5.00 0.19 3.8 16 5.00 4.4-5.6
Magnesium 1 1.00 0.009 0.9 8 1.00 0.97-1.03
Nickeld 500 0.04 0.8 - 5.00 4.9-5.1
Silerl 2.00 0.25 12.5 10 2.00 1.2-2.8
Sodium4 8.2 0.1 1.2 - 5.00 4.8-5.2
Strontium4 1.00 0.04 4.0 12 1.00 0.87-1.13
Potassium4 1.6 0.2 12.5 - 1.6 1.0-2.2
Molybdenum4 7.5 007 0.9 - 10.0 9.7-10.3
Tin4 200 05 2.5 - 20.0 18.5-21.5
Titanium4 50.0 0.4 0.8 . 50.0 48.8-51.2
Vanadium 50.0 0.2 0.4 - 50.0 49.4-50.6
Extracted
determination:
Aluminum1 300 12 4.0 15 300 264-336
Cobaltl 300 20 6.7 6 300 220-380
Copperl 100 21 21 8 100 22-178
Ironl 250 12 4.8 4 250 180-320
Manganesel 215 202 10.2 8 25 17.23
Molybdenum1 9.5 1.0 10.5 8 10 5.5-14.5
Nickell 568 9.2 16.2 14 50 22-78
Silverl 5.2 1.2 23.1 7 5.0 0.5-9.5

Source: AMERICAN SOCIETY FOR TESTING AND MATERIALS. 1986 .
Annual Book of ASTM Standard. Volume 11.01. Water and Environmental
Technology, American Soc. Testing & Materials. Philadelphia, Pa. Copyright
ASTM. Reprinted with permission.
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Direct Air-Acetylene Flame Method (Method 3111B)

1. General Discussion

This method is applicable to the determination of antimony, bismuth,
cadmium, calcium, cesium, chromium, cobalt, copper, gold, iridium, iron, lead,
lithium, magnesium, manganese, nickel, palladium, platinum, potassium, rhodium,
ruthenium, silver, sodium, strontium, thallium, tin, and zinc.

2. Apparatus
Atomic absorption spectrometer and associated equIpMeNt: see  section

311A.6. Use burner head recommended by the manufacturer.

3. Reagents

d NI’, cleaned dried through a suitable filter to remove oil, water, and other
foreign substances. The source may be a compressor or commercially bottled gas.

h Acetylere, standard commercial grade. Acetone, which always is present in
acetylene cylinders, can be prevented from entering and damaging the burner head by
replacing a cylinder when its pressure has fallen to 689 kPa (100 psi) acetylene.

¢. Metal-free water: Use metal-free water for preparing all reagents and
calibration standard and as dilution water. Prepare metal-free water by deionizing tap
water and/or by using one of the following processes, depending on the metal
concentration in the sample: single distillation, redistillation, or sub-boiling. Always
check deionized or distilled water to determine whether the element of interest is
present in trace amounts. (NOTE: | the source water contains H]Of other volatile
nmetals, single-or redlistilleql water may not be sitable for trace analysis because
these metals clistill over with the diistlled weter. I such cases, Use su-bailing to
prepare metal-free water).

d Calaumsolution: pissolve 630 mg calcium carbonate, CaCOT, in 50 mL of
1+5 HCL Ifnecessary, boil gently to obtain complete solution, Cool and dilute to
1000 mL with water.

e Hydrochloric acid, He1, 19, 10%, 20%, 1+ 5, 1+ 1, and cone.
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CALCIUM* (Method 3500)

Introduction

1. Occurrence and Significance

The presence of calcium (fifth among the elements in order of abundance) in
water supplies results from passage through or over deposits of limestone, dolomite,
gypsum, and gypsiferous shale. The calcium content may range from zeroto several
hundred milligrams per liter, depending on the source and treatment of the water.
Small concentrations of calcium carbonate combat corrosion of metal pipes by laying
down a protective coating. Appreciable calcium salts, on the other hand, precipitate
on heating to form harmful scale in boilers, pipes, and cooking utensils. Calcium
carbonate saturation is discussed in Section 2330.

*Approved by Standard Methods Committee, 1991

2. Selection of Method

The atomic absorption method and inductively coupled plasma method are
accurate means of determining calcium. The EDTA titration method gives good
results for control and routine applications. For samples containing high p levels
(>50mg/L) only Methods B and C are recommended because of interferences with the
EDTA method using most of the cited indicators.

3. Storage of Samples
The customary precautions are sufficient if care is taken to redissolve any
calcium carbonate that may precipitate on standing.
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Atomic Absorption Spectrométrie Method (Method 3500B)

See flame atomic absorption spectrometric method, Section 311 1B.
CHROMIUM* (Method 3500)

Introduction

1. Occurrence

The hexavaient chromium concentration of . . drinking waters has been
reported to very between 3 and 40 pg/L, with a mean of 3.2 pg/L , Chromium salts
are used extensively in industrial processes and may enter a water supply through the
discharge of wastes. Chromate compounds frequently are added to cooling water for
corrosion control. Chromium may exist in water supplies in both the hexavalent and
the trivalent state although the bivalent form rarely occurs in potable water.

2. Selection of Method

Use the colorimetric method for the determination of hex-avalent chromium in
a natural or treated water intended to be potable. Use the electrothermal (graphite
furnace) atomic absorption spectrometric method for determination of low levels of
total chromium (<50 pg/L) in water and wastewater. Use the flame atomic
absorption spectrometric method or the inductively coupled plasma method to
measure concentration up to milligram-per-liter levels.

3. Sample Handling

[fonly the dissolved metal content is desired, filter sample through a 0.45 pm
membrane filter at the time of collection. After filtration acidify filtrate with cone
nitric acid (HNOs) to pH <2. If the total chromium content is desired, acidify
unfiltered sample at time of collection with con HNOsto pH <2,
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Atomic Absorption Method for Total Chromium (Method 3500B)

See flame atomic absorption spectrometric method, Sections, 311 IB.
MAGNESIUM* (Method 3500)

Introduction

1. Occurrence

Magnesium ranks eighth among the elements in order of abundance and is a
common costituent of natural water. Important contributors to the hardness of a
water, magnesium salts break down when heated, forming scale in boilers.
Concentrations greater than 125 mg/L, also can have a cathartic and diuretic effect.
Chemical softening, reverse osmosis, electrodialysis, or ion exchange reduces the
magnesium and associated hardness to acceptable levels. The magnesium
concentration may vary from zero to several hundred milligrams per liter, depending

on the source and treatment o f the water.
* Approved by Standard Methods Committee, 1990

2. Selection of Method

The four methods presented are applicable to all natural waters. Direct
determinations can be made with the atomic absorption spectrometric and inductively
coupled plasma methods. Magnesium can be determined by the gravimetric method
only after removal of calcium salts (see Section 3500-Ca). These methods can be
applied to all concentrations by selection of suitable sample portions. Choice of
method is largely a matter of personal preference and analyst experience.
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Atomic Absorption Spectrométrie Method (Method 3500B)
See flame atomic absorption spectrometric method, Section 311 IB.
SODIUM* (Method 3500)
3500-Na A. Intoroduction

1. Occurrence

Sodium ranks sixth among the eleents in order of abundance and is present in
most natural waters. The levels may very from less than 1 mg Na/L to more than 500
mg Na/L. Relatively high concentrations may be found in brines and hard waters
softened by the sodium exchange process. The ratio of sodium to total cations is
important in agriculture and human pathology. Soil permeability can be harmed by a
high sodium ratio. Persons afflicted with certain diseases require water with low
sodium concentration. A limiting concentration of 2 to 3 mg/L is recommended in
feedwaters destined for high-pressure boilers. When necessary, sodium can be
removed by the hydrogen-exchange process or by distillation.

* Approved by Standards committee. 1990.

2. Selection of Method

Method B uses an atomic absorption spectrometer in the flame absorption
mode. Method C uses inductively coupled plasma; this method is not as sensitive as
the other methods, but usually this is not an important factor. Method D uses either a
flame photometer or an atomic absorption spectrometer in the flame emission mode.
When all of these instruments are available, the choice will depend on factors
including relative quality of the instruments, precision and sensitivity required,
number of samples, matrix effects and relative ease of instrument operation. If an
atomic absorption spectrometer is used, operation in the emission mode is preferred.
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3. Storage of Sample

Store alkaline samples or samples containing low sodium concentrations in
polyethylene bottles to eliminate the possibility of sample contamination due to
leaching of the glass container.
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Figure 8.1 Raw hide.

Figure B.2 Pickling Process.
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Figure B.4 Chrome tanning drum.
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Figure B.5 Saline groundwater from Bandung District, Udon Thani Province before
evaporation.

Figure B.6 Saline groundwater from Bandung District, Udon Thani Province after
evaporation.



Figure B.7 Saline groundwater before adding NaOH.

Figure B.8 Saline groundwater after adding NaOH.
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Figure B.9 Jar test experiment.
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Figure B.10 Jar test experiment.
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Figure B.12 Model scale reactor after adding white slurry.
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Figure B.12 Detail of model scale reactor.
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