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(I) symmetric
(Ω = 0.341 rad s–1)

(II) steady waves
(Ω = 1.19 rad s–1)

(III) irregular
(Ω = 5.02 rad s–1)
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Projection of Earth on 
perpendicular plane
has area = πr2

Earth’s surface
area = 4πr2

Plane perpendicular
to sun’s rays

Solar radiation,
assuming parallel rays
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Subsiding air is heated.
Lapse rate is the same
as for rising air.

Inversion occurs at a 
height below that at 
which air ceased subsiding.Original
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Big spills 37

Routine maintenance 137

Down the drain 363

Up in smoke 92

Offshore drilling 15

Natural seeps 62
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Basic Starting
Materials

Surfactants Raw Materials
Principal Household

Applications

Heavy-duty laundry powders
Light-duty liquid dish detergents
Heavy-duty laundry liquids 
Specialty cleansers

Light-duty liquid dish detergents
Heavy-duty laundry powders
Heavy-duty laundry liquids
Shampoos

Heavy-duty laundry liquids
Heavy-duty laundry powders
Specialty cleansers

Heavy-duty laundry powders

Shampoos
Heavy-duty laundry powders

Light-duty liquid dish detergents

Liquid hand soap
Light-duty liquid dish detergents
Shampoos

Light-duty liquid dish detergents
Shampoos
Specialty cleansers

Light-duty liquid dish detergents
Shampoos

Toilet soaps
Shampoos

Light-duty liquid dish detergents

Benzene

Natural fats
& oils

Fatty
acids

Detergent-
range linear

primary alcohols

Linear α-
olefins

Ethylene
oxide

Linear
alcohol

ethoxylates

Ethylene

n-Paraffins

Linear
alkylbenzene

Linear
alkylbenzene

sulfonates

Secondary
alkane

sulfonates

Fatty
amine oxides

Fatty
alkanolamides

Alkyl poly-
glucosides

Alkyl glyceryl
ether sufonates

Alcohol
sulfates

Alcohol
ether sulfates

Linear alcohol
ethoxylates

α-Olefin
sulfonates

α-Sulfo-
methyl esters
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37
Rb
55
Cs
87
Fr

1
H
3
Li
11
Na
19
K

38
Sr
56
Ba
88
Ra

4
Be
12

Mg
20
Ca

49
In
81
Tl

5
B
13
Al
31
Ga

50
Sn
82
Pb

6
C
14
Si
32
Ge

51
Sb
83
Bi

7
N
15
P
33
As

52
Te
84
Po

8
O
16
S
34
Se

53
I

85
At

9
F
17
Cl
35
Br

54
Xe
86
Rn

10
Ne

2
He

18
Ar
36
Kr

40
Zr
72
Hf

57
La
89
Ac

58
Ce
90
Th

59
Pr
91
Pa

60
Nd
92
U

61
Pm
93
Np

62
Sm
94
Pu

63
Eu
95
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64
Gd

65
Tb

66
Dy

67
Ho

68
Er

69
Tm

70
Yb

71
Lu

96
Cm

22
Ti

41
Nb
73
Ta

23
V

42
Mo
74
W

24
Cr

43
Tc
75
Re

25
Mn

44
Ru
76
Os

26
Fe

45
Rh
77
Ir

27
Co

46
Pd
78
Pt

28
Ni

47
Ag
79
Au

29
Cu

48
Cd
80
Hg

30
Zn

39
Y
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21
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Surface
sediments 150

Organic sediments 10,000,000
(Fossil fuels 5000)

Sedimentation
0.5

Sinking;
remineral-
ization

Erosion,
uplift

Volcanoes
0.05–0.18

Deforestation
0.6–2.6

Fossil fuels
5–6

Photo-
synthesis
100–120

Respiration
40–60

Decay
50–60

Rivers DOC
0.5

Dissolution
warm; 70
cold; 35

Degassing
warm; 80
cold; 22

Terrestrial 

610

Soil and detritus

2190

Inorganic sediments
50,000,000

(Carbonates)

Surface waters

1020

Deep water 

38100

Atmosphere 750

DOC 700
POC 30
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60Co   (5.271 y)

60Ni   (s)

0.318
−

1.173
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131I   (8.0207 d)

131Xe  (s)

0.250
2.2%

0.335
7.6%

−
2

−
1

0.723
1.8%

5

0.637
7.2%

4

0.364
81.1%

3 0.284
6.0%

2

0.080
2.6%

1

0.608
89%

−
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137Cs   (30.07 y)

137mBa   (2.552 m)

137Ba (s)

0.514
94.6%

−

IT

0.662
85.0%

1.176
5.4%

−
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14C   (5715 y)

14N  (s)

0.157

(a)

(b)

–

90Sr   (28.78 y)

90Y   (2.67 d)

90Zr  (s)

0.546

2.281

–

−
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22Na   (2.604 y)

0.546

1.2745

+

22Ne  (s)
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40K   (1.27 � 109 y)

1.33
89.3%

1.461

EC
10.7% −

40Ar  (s)
40Ca  (s)
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160,000 lung cancers
,

mainly from smoking1

Estim
ated 19,000 lung cancers

 from breathing

radon in indoor air (m
ost deaths among smokers)

2

14,000 stomach 

cancer f
rom all ca

uses
1

Estim
ated 700 lung cancers

 from

breathing radon outdoors
3

Estim
ated 160 lung cancers

 from breathing

radon emitted
 from water i

n the home3

Estim
ated 20 stomach cancers

 from

drinking water c
ontaining radon3

Cancer risk due to radon results from
inhalation of air and ingestion of water

Inhalation risk
Breathing air

with radon
Ingestion risk
Drinking water with 
dissolved radon

1American Cancer Society (1998)
2BEIR VI Report (National Research Council 1999)
3Commission on Life Sciences, Committee on Risk Assessment of Exposure to Radon
  in Drinking Water, National Research Council, National Academy Press, Washington, DC (1999)
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Most uranium mill tailings are located in
the western United States    at the locations
shown on the map.
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Reversible isothermal expansion at T1

Reversible isothermal compression at T2
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O2

CO2 

Ceramic

O2

Aqueous NaOH

OH−

Phosphoric acid
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H+- conductive
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Recycling symbol Polymer Examples of use

Soft drink bottles, carpets, 
fiberfill, rope, scouring pads,
fabrics, Mylar tape(cassette
and computer)

Milk jugs, detergent bottles,
bags, plastic lumber, garden
furniture, flowerpots, trash
cans, signs

Cooking oil bottles, drainage 
and sewer pipes, tile,
institutional furniture, credit
cards

Bags, squeeze bottles,
wrapping films, container lids

Yogurt containers, automobile
batteries, bottles, carpets, 
rope, wrapping films

Disposable cups and utensils,
toys, lighting and signs,
construction, foam containers,
and insulation

Various food containers, hand
cream, toothpaste, and
cosmetic containers

PETE*

1

HDPE

V

LDPE

PP

PS

Other

2

3

4

5

6

7

C

O

O CH2 CH2 O

n

CH2 CH2 n

CH2 CHCl
n

CH2 CH2 n

CH2 CH
n

CH3

CH2 CH
n

All other polymers

Polystyrene

Polypropylene

Low density polyethylene

Poly(vinyl chloride)

High density polyethylene

Poly(ethylene terephthalate)

* PETE is used as an abbreviation for poly(ethyleneterephthalate) in recycling codes, but
most chemists use the abbreviation PET.
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Plastics waste

Fluidized
bed reactor

Fluidized sand
600−900 C

Fluidized gas
(pyrolysis gas)

Heating

Gas cooling
at 30−40 C

Pyrolysis gas 
separated into

benzene, toluene,
wax, etc.

50% for heating
the plant and 
fluidizing gas

(methane, ethylene,
propylene)

50% as an end product

Burner

Carbon
black

separation

Burner
effluent

gas

Carbon

Distillation
column
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