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Step Time Temperature Microwave power

1 5 min 180 oC Up to 1000 watt

2 10 min 180oC Up to 1000 watt
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d-spacing

nm Clay minerals��������:�N	
�o)�4!

K-saturated samples�����O��7�3��	����4�G!���#�%�

1.4 Vermiculite, chlorite

1.0-1.2 Smectite, illite

0.72-0.75 Halloysite, metahalloysite

0.715 Kaolinite, chlorite

Mg-saturated samples�����O���#S�	����4�G!���#�%

1.4 Vermiculite, chlorite, smectite and illite

1.0-1.2 Illite, halloysite

0.72-0.75 Kaolinite, chlorite

Mg-saturated + glycolation��:j.�����	�����	�4!(�O���#S�	����4�G!���#�%

1.7-1.8 Smectite

1.4 Vermiculite

1.0-1.2 Illite, halloysite

0.715 Kaolinite

Heat at 500 °C��������������_!�?XX�\�E�:�/�3�

1.4 Chlorites

1.0 Vermiculites

0.70 Chlorites (kaolinite and sesquioxides
become amorphous)
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APPENDIX A
LIST OF THE ATOMIC WEIGHTS OF THE ELEMENTS

Element Symbol Atomic
Number

Atomic
Weight

Element Symbol Atomic
Number

Atomic
Weight

Actinium Ac 89 (227) Mercury Hg 80 200.59
Aluminum Al 13 26.98 Molybdenum Mo 42 95.94
Americium Am 95 (243) Neodymium Nd 60 144.24
Antimony Sb 51 121.75 Neon Ne 10 20.183
Argon Ar 18 39.948 Neptunium Np 93 (237)
Arsenic As 33 74.92 Nickel Ni 28 58.71
Astatine At 85 (210) Niobium Nb 41 92.91
Barium Ba 56 137.34 Nitrogen N 7 14.007
Berkelium Bk 97 (249) Nobelium No 102 (253)
Beryllium Be 4 9.012 Osmium Os 76 190.2
Bismuth Bi 83 208.98 Oxygen O 8 15.9994
Boron B 5 10.81 Palladium Pd 46 106.4
Bromine Br 35 79.909 Phosphorus P 15 30.974
Cadmium Cd 48 112.40 Platinum Pt 78 195.09
Calcium Ca 20 40.08 Plutonium Pu 94 (242)
Californium Cf 98 (251) Polonium Po 84 (210)
Carbon C 6 12.011 Potassium K 19 39.102
Cerium Ce 58 140.12 Praseodymium Pr 59 140.91
Cesium Cs 55 132.91 Promethium Pm 61 (147)
Chlorine Cl 17 35.453 Protactinium Pa 91 (231)
Chromium Cr 24 52.00 Radium Ra 88 (226)
Cobalt Co 27 58.93 Radon Rn 86 (222)
Copper Cu 29 63.54 Rhenium Re 75 186.23
Curium Cm 96 (247) Rhodium Rh 45 102.91
Dysprosium Dy 66 162.50 Rubidium Rb 37 85.47
Einsteinium Es 99 (254) Ruthenium Ru 44 101.1
Erbium Er 68 167.26 Samarium Sm 62 150.35
Europium Eu 63 151.96 Scandium Sc 21 44.96
Fermium Fm 100 (253) Selenium SE 34 78.96
Fluorine F 9 19.00 Silicon Si 14 28.09
Francium Fr 87 (223) Silver Ag 47 107.870
Gadolinium Gd 64 157.25 Sodium Na 11 22.9898
Gallium Ga 31 69.72 Strontium Sr 38 87.62
Germanium Ge 32 72.59 Sulfur S 16 32.064
Gold Au 79 196.97 Tantalum Ta 73 180.95
Hafnium Hf 72 178.49 Technetium Tc 43 (99)
Helium He 2 4.003 Tellurium Te 52 127.60
Holmium Ho 67 164.93 Terbium Tb 65 158.92
Hydrogen H 1 1.0080 Thallium Ti 81 204.37
Indium In 49 114.82 Thorium Th 90 232.04
Iodine I 53 126.90 Thulium Tm 69 168.93
Iridium Ir 77 192.2 Tin Sn 50 118.69
Iron Fe 26 55.85 Titanium Ti 22 47.90
Krypton Kr 36 83.80 Tungsten W 74 183.85
Lanthanum La 57 138.91 Uranium U 92 238.03
Lawrencium Lw 103 (257) Vanadium V 23 50.94
Lead Pb 82 207.19 Xenon Xe 54 131.30
Lithium Li 3 6.939 Ytterbium Yb 70 173.04
Lutetium Lu 71 174.97 Yttrium Y 39 88.91
Magnesium Mg 12 24.312 Zinc Zn 30 65.37
Manganese Mn 25 54.94 Zirconium Zr 40 91.22
Mendelevium Md 101 (256)

��
Numbers in parentheses indicate mass of most stable known isotopes.
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APPENDIX B

pH INDICATORS1��

pH Indicators pH transition intervals
Name Colour pH pH Colour
Cresol red pink 0.2 1.8 yellow
m-Cresol purple red 1.2 2.8 yellow
Thymol blue red 1.2 2.8 yellow
p-Xylenol blue red 1.2 2.8 yellow
Triphenylcarbinol red 1.2 3.2 Colourless
2,4-Dinitrophenol Colourless 2.8 4.7 Yellow
4-Dimethylaminoazobenzene Red 2.9 4.0 Yellow-orange
Bromochlorophenol blue Yellow 3.0 4.6 Purple
Bromophenol blue Yellow 3.0 4.6 Purple
Methyl orange Red 3.1 4.4 Yellow-orange
Bromocresol green Yellow 3.8 5.4 Blue
2,5-Dinitrophenol Colourless 4.0 5.8 Yellow
Alizarinsulfonic acid sodium salt Yellow 4.3 6.3 Violet
Methyl red Red 4.4 6.2 Yellow-orange
Methyl red sodium salt Red 4.4 6.2 Yellow-orange
Chlorophenol red Yellow 4.8 6.4 Purple
Hematoxylin Yellow 5.0 7.2 Violet
Litmus extra pure Red 5.0 8.0 Blue
Bromophenol red Orange-yellow 5.2 6.8 Purple
Bromocresol purple Yellow 5.2 6.8 Purple
4-Nitrophenol Colourless 5.4 7.5 Yellow
Bromoxylenol blue Yellow 5.7 7.4 Blue
Alizarin Yellow 5.8 7.2 Red
Bromothymol blue Yellow 6.0 7.6 Blue
Phenol red Yellow 6.4 8.2 Red
3-Nitrophenol Colourless 6.6 8.6 Yellow-orange
Neutral red Bluish-red 6.8 8.0 Orange-yellow
4,5,6,7-Tetrabromophenolphthalein Colourless 7.0 8.0 Purple
Cresol red Orange 7.0 8.8 Purple
1-Naphtholphthalein Brownish 7.1 8.3 Blue-green
m-Cresol purple Yellow 7.4 9.0 Purple
Thymol blue Yellow 8.0 9.6 Blue
P-Xylenol blue Yellow 8.0 9.6 Blue
Phenolphthalein Colourless 8.2 9.8 Red-violet
Thymolphthalein Colourless 9.3 10.5 Blue
Alizarin yellow GG Light yellow 10.2 12.1 Brownish-yellow
Epsilon blue Orange 11.6 13.0 Violet

��

1 Adapted from pH Indicators, E. Merck and Co.
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APPENDIX C
PROPERTIES OF LABORATORY MATERIALS

��
��

Material
Max. Working
Temperature,

°C

Sensitivity to
Thermal

Shock
Chemical Inertness Notes

Borosilicate glass 200
150°C change
OK

Attacked to certain
degree by
alkali solutions while
heating

Trademarks: pyrex (Corning
Glass Works)
Kimax (Owens-Illinois)

Soft glass Low
Attacked by alkali
solutions

Alkali-resistant
glass

More sensitive
than
borosilicate

Boron-free. Trademark:
Corning

Fused quartz 1050 Very High
Resistant to most acids,
halogens

Quartz crucibles used for
fusions

High-silica
glass

1000 Very High
More resistant to alkalis
than borosilicate

Similar to fused quartz
Trademark: Vycor
(Corning)

Porcelain
1100 (glazed)
1400 (unglazed)

High High

Platinum 1500

Resistant to most acids,
molten salts. Attacked by
aqua regia, fused
nitrates, cyanides,
chlorides at >1000°C.
Alloys with gold, silver,
and other metals

Usually alloyed with
iridium or rhodium to
increase hardness. Platinum
crucibles for fusions and
treatment with HF

Nickel and iron
Fused samples
contaminated with the
metal

Ni and Fe crucibles used for
peroxide fusions

Stainless steel 400-500 High

Not attacked by alkalis
and acids except conc.
HCI, dil. H2SO4, and
boiling conc. HNO3

Polyethylene 115

Not attacked by alkali
solutions or HF. Attacked
by many organic solvents
(acetone, ethanol OK)

Flexible plastic

Polystyrene 70
Not attacked by HF.
Attacked by many
organic solvents

Somewhat brittle

Teflon 250 Inert to most chemicals
Useful for storage of
solutions and reagents for
trace metal analysis
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APPENDIX D

Grades of Chemicals

Grade Purity Notes
Technical or commercial Indeterminate quality May be used in preparation of cleaning solution

only
C.P. (Chemically pure) More refined, but still

unknown quality
U.S.P. Meets minimum purity

standards
Conforms to tolerance set by the United States
Pharmacopoeia for contaminants dangerous to
health

A.C.S. reagent High purity Conforms to minimum specifications set by the
Reagent Chemicals Committee of the American
Chemical Society

Primary standard Highest purity Required for accurate volumetric analysis (for
standard solutions)

��I�1-1�'��������'�$���/��0'����1�'����]�9��c��&+'��m�V*'������
Concentrations of Commercial Reagent-Grade Acids and basesa��

��
Reagent F. Wt.b Mc % by Wt. Density (20°), g/cm3

H2SO4 98.08 17.6 94.0 1.831
HClO4 100.5 11.6 70.0 1.668
HCl 36.46 12.4 38.0 1.188
HNO3 63.01 15.4 69.0 1.409
H3PO4 98.00 14.7 85.0 1.689
HC2H3O2 60.05 17.4 99.5 1.051
NH3 17.03 14.8 28.0 0.898
aThese are approximate concentrations and cannot be used for preparing standards solutions.
bFormula weight.
cMolarity.

��

NBS Tolerances for Volumetric Glassware, Class Aa

'�����;'��-���'����-�-]'���C�$~'��L�+@���

Tolerances, mlCapacity, ml
(Less than and Including) Volumetric Flasks Transfer Pipets Burets

1000 ±0.30
500 ±0.15
100 ±0.08 ±0.08 ±0.10

50 ±0.05 ±0.05 ±0.05
25 ±0.03 ±0.03 ±0.03
10 ±0.02 ±0.02 ±0.02

5 ±0.02 ±0.01 ±0.01
2 ±0.006

a Corning Pyrex glassware and Kimball KIMAX, Class A, conform to these tolerances.
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APPENDIX E
RECOMMENDED NUTRIENT RANGES IN SOIL

in mg Kg-1 or part per million (ppm)

Residual Nitrate (NO3) Nitrogen ����+C�>:A����#+�'��J�-$�+�*'�(NO3)

0-5 V.L (Very Low) W
F'�P
/#!
5-15 L (Low) P
/#!
15-30 M (Medium) �7(
30-40 H (High) &
3�!
40+ V.H (Very High) W
F'�&
3�!

Phosphorus (P) Extracted by 1M NaHCO3

(Olson method)
J;'$!�����V��?�@+;�'���1LE1L'�

0-3 V.L
3-8 L
8-14 M
14-20 H
20+ V.H

Potassium (K) Extracted with 1M NH4OAC 21�C1�X����+�E���?�@+;�'��21�E��1#'�

0-85 V.L
85-170 L
170-300 M
300-500 H
500+ V.H

��
Exchangeable Magnesium (Mg) F��#+�'��21�;*R�'�
0-85 V.L
85-200 L
200-300 M
300-500 H
500+ V.H
Exchangeable Calcium (Ca) F��#+�'��21�;'�:'�

0-500 V.L
500-1200 L
1200-2500 M
2500-3500 H
3500+ V.H
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Soluble Sulfur (S) ^�$Q'��M��#:'�
0-10 V.L
10-20 L
20-35 M
35-45 H
45+ V.H

Soluble Sodium (Na) ^�$Q'��21��1d'�
0-300 M
300+ H
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APPENDIX F��
Temperature factors (ft) for correcting resistance and conductivity data on soil

extracts to the standard temperature of 25°C(1)

EC25 = ECt ×××× ft; EC25 = (k/Rt) ×××× ft; R25 = Rt/ft

°C °F. ft °C °F. ft °C °F. ft

3.0 37.4 1.709 22.0 71.6 1.064 29.0 84.2 0.925
4.0 39.2 1.660 22.2 72.0 1.060 29.2 84.6 0.921
5.0 41.0 1.613 22.4 72.3 1.055 29.4 84.9 0.918
6.0 42.8 1.569 22.6 72.7 1.051 29.6 85.3 0.914
7.0 44.6 1.528 22.8 73.0 1.047 29.8 85.6 0.911

8.0 46.4 1.488 23.0 73.4 1.043 30.0 86.0 0.907
9.0 48.2 1.488 23.2 73.8 1.038 30.2 86.4 0.904

10.0 50.0 1.411 23.4 74.1 1.034 30.4 86.7 0.901
11.0 51.8 1.375 23.6 74.5 1.029 30.6 87.1 0.897
12.0 53.6 1.341 23.8 74.8 1.025 30.8 87.4 0.894

13.0 55.4 1.309 24.0 75.2 1.020 31.0 87.8 0.890
14.0 57.2 1.277 24.2 75.6 1.016 31.2 88.2 0.887
15.0 59.0 1.247 24.4 75.9 1.012 31.4 88.5 0.884
16.0 60.8 1.218 24.6 76.3 1.008 31.6 88.9 0.880
17.0 62.6 1.189 24.8 76.6 1.004 31.8 89.2 0.877

18.0 64.4 1.163 25.0 77.0 1.000 32.0 89.6 0.873
18.2 64.8 1.157 25.2 77.4 0.996 32.2 90.0 0.870
18.4 65.1 1.152 25.4 77.7 0.992 32.4 90.3 0.867
18.6 65.5 1.147 25.6 78.1 0.988 32.6 90.7 0.864
18.8 65.8 1.142 25.8 78.5 0.983 32.8 91.0 0.861

19.0 66.2 1.136 26.0 78.8 0.979 33.0 91.4 0.858
19.2 66.6 1.131 26.2 79.2 0.975 34.0 93.2 0.843
19.4 66.9 1.127 26.4 79.5 0.971 35.0 95.0 0.829
19.6 67.3 1.122 26.6 79.9 0.967 36.0 96.8 0.815
19.8 67.6 1.117 26.8 80.2 0.964 37.0 98.6 0.801

20.0 68.0 1.112 27.0 80.6 0.960 38.0 100.2 0.788
20.2 68.4 1.107 27.2 81.0 0.956 39.0 102.2 0.775
20.4 68.7 1.102 27.4 81.3 0.953 40.0 104.0 0.763
20.6 69.1 1.097 27.6 81.7 0.950 41.0 105.8 0.750
20.8 69.4 1.092 27.8 82.0 0.947 42.0 107.6 0.739

21.0 69.8 1.087 28.0 82.4 0.943 43.0 109.4 0.727
21.2 70.2 1.082 28.2 82.8 0.940 44.0 111.2 0.716
21.4 70.5 1.078 28.4 83.1 0.936 45.0 113.0 0.705
21.6 70.9 1.073 28.6 83.5 0.932 46.0 114.8 0.694
21.8 71.2 1.068 28.8 83.8 0.929 47.0 116.6 0.683

Source: Agricultural Handbook 60, U.S. Dept. of Agriculture
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Appendix A. Conversion factors for SI and non-SI units (Soil Science
Society of America Journal)

To convert Column
1 into Column 2,

multiply by

Column 1
SI Unit
��'$�����6$

Column 2
Non-SI Unit
��'$����q����6$

To convert Column
2 into Column 1

multiply by

Length
0.621 kilometer, km (103 m) mile, mi 1.609
1.094 meter, m yard, yd 0.914
3.28 meter, m foot, ft 0.304
1.0 micrometer, μm (10-6 m) micron, μ 1.0
3.94 × 10-2 millimeter, mm (10-3 m) inch, in 25.4
10 nanometer, nm (19-9 m) angstrom, å 0.1

Area
2.47 hectare, ha acre 0.405
247 square kilometer, km2 (103 m)2 acre 4.05 × 10-3

0.386 square kilometer, km2 (103 m)2 square mile, mi2 2.590
2.47 × 10-4 square meter, m2 acre 4.05 ×103

10.76 square meter, m2 square foot, ft2 9.29 × 10-2

1.55 × 10-3 square millimeter, mm2 (10-3 m)2 square inch, in2 645

Volume
9.73 × 10-3 cubic meter, m3 acre-inch 102.8
35.3 cubic meter, m3 cubic foot, ft3 2.83 × 10-2

6.10 × 104 cubic meter, m3 cubic inch, in3 1.64 × 10-5

2.84 × 10-2 liter, L (10-3 m3) bushel, bu 35.24
1.057 liter, L (10-3 m3) quart (liquid), qt 0.946
3.53 × 10-2 liter, L (10-3 m3) cubic foot, ft3 28.3
0.265 liter, L (10-3 m3) gallon 3.78
33.78 liter, L (10-3 m3) pint (fluid), pt 0.473

Mass
2.20 × 10-3 gram, g (10-3 kg) pound, lb 454
3.52 × 10-2 gram, g (10-3 kg) ounce (avdp), oz 28.4
2.205 kilogram, kg pound, lb 0.454
0.01 kilogram, kg quintal (metric), q 100
1.10 × 10-3 kilogram, kg ton (2000 lb), ton 907
1.102 megagram, Mg (tonne) ton (U.S.), ton 0.907
1.102 tonne, t ton (U.S.), ton 0.907

Yield and Rate
0.893 kilogram per hectar, kg ha-1 pound per acre, lb acre-1 1.12
7.77 × 10-2 kilogram per cubic meter, kg m-3 pound per bushel, lb bu-1 12.87
1.49 × 10-2 kilogram per hectare, kg ha-1 bushel per acre, 60 lb 67.19
1.59 × 10-2 kilogram per hectare, kg ha-2 bushel per acre, 56 lb 62.71
1.86 × 10-2 kilogram per hectare, kg ha-1 bushel per acre, 48 lb 53.75
0.107 liter per hectare, L ha-1 gallon per acre 9.35
893 tonnes per hectare, t ha-1 pound per acre, lb acre-1 1.12 × 10-3

893 megagram per hectare, Mg ha-1 pound per acre, lb acre-1 1.12 × 10-3

0.446 megagram per hectare, Mg ha-1 ton (2000 lb) per acre, ton acre-1 2.24
2.24 meter per second, m s-1 mile per hour 0.447
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APPENDIX G (continued)
Conversion Factors for SI and non-SI Units

To convert Column
1 into Column 2,

multiply by

Column 1
SI Unit

Column 2
Non-SI Unit

To convert Column
2 into Column 1

multiply by

Specific Surface
10 square meter per kilogram, m2 kg-1 square centimeter per gram,

cm2 g-1
0.1

1000 square meter per kilogram, m2 kg-1 square millimeter per gram,
mm2 g-1

0.001

Pressure
9.90 megapascal, MPa (106 Pa) atmosphere 0.101
10 megapascal, MPa (106 Pa) bar 0.1
1.00 megagram per cubic meter, Mg m-3 gram per cubic centimeter, g cm-3 1.00
2.09 × 10-2 pascal, Pa pound per square foot, lb ft-2 47.9
1.45 × 10-4 pascal, Pa pound per square inch, lb in-2 6.90 × 103

Temperature
1.00 (K - 273) Kelvin, K Celsius, °C 1.00 (°C + 273)
(9/5 °C) + 32 Celsius, °C Fahrenheit, °F 5/9 (°F - 32)

Plane Angle
57.3 radian, rad degrees (angle), ° 1.75 × 10-2

Electrical Conductivity, Electricity, and Magnetism
10 siemen per meter, S m-1 millimho per centimeter,

mmho cm-1
0.1

104 tesla, T gauss, G 10-4

Water Measurement
9.73 × 10-3 cubic meter, m3 acre-inches, acre-in 102.8
9.81 × 10-3 cubic meter per hour, m3 h-1 cubic feet per second, ft3 s-1 101.9
4.40 cubic meter per hour, m3 h-1 U.S. gallons per minutes, gal min-1 0.227
8.11 hectare-meters, ha-m acre-feet, acre-ft 0.123
97.28 hectare-meters, ha-m acre-inches, acre-in 1.03 × 10-2

8.1 × 10-2 hectare-centimeters, ha-cm acre-feet, acre-ft 12.33

Concentrations
1 centimole per kilogram, cmol kg-1

(ion exchange capacity)
milliequivalents per 100 grams,

meq 100 g-1
1

0.1 gram per kilogram, g kg-1 percent, % 10
1 milligram per kilogram, mg kg-1 parts per million, ppm 1

Radioactivity
2.7 × 10-11 becquerel, Bq curie, Ci 3.7 × 1010

2.7 × 10-2 becquerel per kilogram, Bq kg-1 picocurie per gram, pCi g-1 37
100 gray, Gy (absorbed dose) rad, rd 0.01
100 sievert, Sv (equivalent dose) rem (roentgen equivalent man) 0.01

Plant Nutrient Conversion
Element Oxide

2.29 P P2O5 0.437
1.20 K K2O 0.830
1.39 Ca CaO 0.715
1.66 Mg MgO 0.602

��
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