Chapter 15: 

Geosphere  - that part of the earth upon which humans live and from which they extract most of their food, minerals, and fuels.

Human effects on geosphere:

1. alteration of surface

2. pollution

3. climate changes -

change in percentage of solar radiation reflected (surface albedo)

desertification

Lithosphere - upper mantle and crust (only about 5-40 km thick)

Components:

Mineral - naturally occurring inorganic solid with definite chemical composition and crystal structure.  There are approximately 2,000 minerals, but about 25 make up most of crust.

- characterized by color, luster, hardness, cleavage, streak, density, etc

Rock - solid mineral or aggregate of two or more minerals.

Elements in Crust (by mass)

1. O - 49.5%

2. Si - 25.7%

3. Al - 7.4%

4. Fe - 4.7%

5. Ca - 3.6%

6. Na - 2.8%

7. K - 2.8%

8. Mg - 2.1%

9. other - 1.6%

Types of Rocks - related by rock cycle


Igneous rocks -from solidified magma

Sedimentary - formed by lithification of smaller particles from weathering

Metamorphic - heat and pressure

Geomorphology - nature of landforms and the processes which occur on them.

Plate tectonics - earth's solid surface is composed of several rigid plates that move relative to each other  on top of the asthenosphere.


Divergent boundaries - ocean ridges


Covergent boundaries - subduction zones


Transform fault boundaries -

Internal processes - subsurface


Earthquakes - motion of ground

Volcanoes - emission of lava, steam, ash, particles, etc due to magma near surface

Surface processes -


Landslides -


Subsidence


Sediments - weathering - water and wind



Dissolved load



Suspended load



Bed load

Clays - very fine-grained minerals with sheet-like structures, which form layers.  Substitution of cations within layers gives - charged particles.  This gives ion-exchange sites.

Geochemistry - study of chemical species, reactions, and processes in the lithosphere and their interactions with the atmosphere and hydrosphere.

Environmental geochemistry - study of interactions among the rock/water/air/life systems that determine the chemical characteristics of the surface environment.  


Physical weathering - freeze, thaw, wet, dry

Chemical weathering -



Hydration/dehydration



Dissolution



Oxidation



Dissolution/hydrolysis



Complexation

Groundwater - subsurface water

Porosity - percentage of rock volume available to contain water

Permeability - ease of flow of water through rock


Meteoric water - from rain and snow

Soil moisture - tightly bound

Vadose water - unsaturated aeration zone

Groundwater - saturated zone

Water table - upper level of groundwater

· follows surface contour 

aquifer - pervious rock from which water can be extracted

aquiclude -impervious rock from which water cannot be extracted

zone of depression - created by water wells

Environmental effects:


Earthquakes - loss of life, property damage





- tsunamis - tidal waves


Volcanoes - lava flow


· pyroclastics

· phreatic eruptions

Surface movement - rockfalls and sinkholes

Streams and rivers - meanders and flooding

Oceans - beach erosion and storm surges

- rising sea levels


Wind erosion - loess and dunes


Glaciers - abrasion


Human activities -


Mining - 

1. dredging

2. open-pit

3. strip mining

4. shaft mining

Air pollution

Water pollution

- point source - single, easily identified entry point

-nonpoint source - broader area


Waste disposal - landfills and leachate
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Agriculture - production of food by growing crops and livestock.  No other industry has a larger impact on the environment.

Plant growing - "green revolution" - production of better crop plants through hybridization and application of fertilizers.  Includes cereals, animal fodder, fruits, vegetables, and specialty crops.

Animal growing - mammals, poultry, fish, bees.

This creates major environmental stress through pollution, such as nitrates from feedlots, and erosion.

Pesticides - herbicides and insecticides.  Regulation and registration (since 1947, revised in 1972 and 1989).

Soil - variable mixture of minerals, organic matter, and water (usually 95% inorganic, but may be reversed, plus air spaces (up to 35%)).


Most important component of earth's crust; site of plant growth.


Soil is found in distinctive layers called horizons

A horizon - topsoil - most organic matter



B horizon - subsoil - leached materials



C horizon - weathered parent rock


Particle sizes:  gravels>sand>silts>clays


Water and air - availability of water depends on size of pore spaces



- waterlogged soil ( reducing conditions


Inorganic material - from parent rocks



- Mostly aluminosilicate



- Ion exchange and sorption 


Organic material - responsible for productivity



- Food for microorganisms



- Ion exchange



- Soil structure

- Most significant fraction is humus -residue left from biodegradation of plant material; fairly rich and responsible for much water retention in soil.

Soil solution - aqueous portion containing dissolved materials; necessary for transport.


- cations - H+, Ca2+, Mg2+, K+, Na+


- anions - HCO3-, CO32-, HSO4-, SO42-, Cl-


- ion exchange - CEC varies with pH and pE

pH - acidity - "cat clays" contain FeS ( SO42-         and may have pH as low as 3.


Most plants need neutral soil:



- if too acidic, and CaCO3 (liming)



- if too basic, add S (note: H2S toxic)


Soil nutrients 



Macronutrients -




C, H, O - from atmosphere




N, P, K - in fertilizers




Ca - add lime if needed

Mg - may need to be added if limited availability




S - formerly added in fertilizers


N - not from weathering



- some in humus



- best as NO3- (most soluble)

- fixation by legumes (Rhizobium in nodules)



- KNO3 (saltpeter)



- from Haber process (30-60%)




NH3, NH4OH, NH4NO3, urea


P - from phosphate minerals as orthophosphate

- in neutral soils, mostly as H2PO4- and HPO42- 



- bound strongly with Ca


K - needed for enzyme activity and H2O balance



- much not readily available to plants


fertilizers - (N-P-K)



N as % N



P as % P2O5


K as % K2O




Farm manure = (0.5-0.24-0.5)


Micronutrients - 



B, Cl, Cu, Fe, Mn, Mo



- essential at low levels, toxic at high

 Wastes and pollutants 

- many absorbed in soil where they are immobilized and/or degraded by microorganisms


- others accumulate in plants

- rhizosphere - layer of soil in which plant roots are especially active


- damage to health



PCB's, VOC's (volatile organics), pesticides

Soil loss and degradation 

1/3 of US topsoil lost since agriculture began

1/3 of land currently being eroded at a rate sufficient to damage productivity - 10% severely


- deforestation and desertification


Conservation practices:

1.  terracing

2.  contour plowing

3.  cover crops

4. no-till agriculture

5. perennial plants

Agriculture and health

Genetic engineering - better plants


Chemical contamination
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Industrial ecology - approach based upon systems engineering and ecological principles that integrates the production and consumption aspects of the design, production, use, and termination (decommissioning) of products and services in a manner that minimizes environmental impact while optimizing utilization of resources, energy, and capital.  This mimics natural ecosystems.

Major components:

1. Primary materials 

2. Energy production

3. Materials processing and manufacture

4. Waste processing

5. Consumers

Industrial metabolism - flow of materials and energy from initial sources through industrial system to consumers and ultimate disposal

Levels of materials utilization:

1. lowest - no limits to sources or wastes

2. intermediate - limited usage and waste

3. ideal - totally efficient utilization and no waste
Links to natural environmental spheres - effects on atmosphere, hydrosphere, geosphere, and biosphere of:

1. fossil fuel combustion

2. industrial manufacturing and processing

3. crop production

4. livestock production

Energy - mostly one way (to heat)

Materials -

- dematerialization - using less materials


- substitution


- recycling



embedded utility - point of recycle


- extraction from wastes

Life-cycle assessment of products, processes, and services


- inventory analysis


- impact analysis


- improvement analysis

Desirable properties of consumables

1. biodegradable

2. nonbioaccumulative

3. nontoxic

Desirable characteristics of recyclables

1. minimal hazard

2. amenable to recycling

Desirable characteristics of service products

1. disassembly

Integrated Industrial Ecosystem

Societal factors / environmental ethic
1. education

2. opportunity (necessity)

Green Engineering – approach to engineering, design, and production based upon sustainability, minimum environmental impact, and favorable economic and social aspects.

12 principles:


1.  Inherent sustainability and hazard reduction


2.  Prevention vs treatment and remediation


3.  Facilitate separation.
       4.  Maintain efficiency in use of materials,


energy, space, and time.

   5.  Drive processes by pulling output.

   6.  Conservation of complexity.

   7.  Durability, but not immortality.

   8.  Meet the need without excess.

   9.  Use of fewer kinds of materials.

 10.  Use available materials and energy.

 11.  Design for later use.

 12.  Maximum use of renewable materials and        energy.
Green Polymers – biological synthesis.
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Sustainable development - level of industrial development which will continue to benefit all people without environmental damage.  This would necessitate not running out of either materials or energy.

Resources - total amount of a material available.

Reserves - that material which is technologically and economically obtainable.

Extractive sources - nonrenewable.


Mineral sources 



Batholiths - extrusions of igneous rock



Hydrothermal deposits - from hot solutions



Sedimentary deposits



Evaporates - from seawater



Placer deposits - segregated by size / density


Ore - economically useful form of a mineral



Conc. factor = conc. of material in ore





    average crustal conc.


Mining - surface and underground


Metals - see pp. 510-511.



Al, Cr, Co, Cu, Pb, Zn, K


Nonmetals



Clays, F, micas, pigments and fillers



Sand and gravel



Phosphates



Sulfur



Gypsum

Renewable resources - wood (cellulose)


Wood related industries are 5th largest in US


US is 1/3 forested in surface area


Worldwide  is number one raw material

Energy 


Relationship to GNP


US energy consumption


"energy crisis" - 1973-74



funding maxed in 1980


energy conversion - 1st Law of Thermodynamics



% efficiency = T1 - T2  x 100%







T1

Forms of energy:

1. petroleum and natural gas - since 1859
primary recovery (30%) - conventional

secondary recovery (15%) - H2O inject

tertiary recovery

shale oil

natural gas

2. coal

large reserves - about 1/3 of current E


45% of electricity

types and distribution


problems with coal


1. environmental impact of mining


2. removal of ash and S

3. cleaning of stack gas

4. conversion to liquids and gas

5. CO2 emissions

3. nuclear fission - splitting of heavy nucleus to form lighter nuclei
23592 U  +  10n  (  ???

mass defect 

critical mass

only 0.71% of natural U is 235U

breeder reactors - 239Pu

problems
4. nuclear fusion - combining of lighter nuclei to form a heavier nucleus
2 21H (  32He  + 10n + E

21H + 31H  (  42He  + 10n + E

thermonuclear reactions


magnetic confinement


inertial confinement

5. geothermal

steam - the geysers (CA)



     hot rocks

6. solar

passive solar

active solar

photovoltaics

problems - density and intermittant

7. hydrogen

H2(g)  +  1/2 O2(g)  (  H2O

8. wind

wind farms in areas with sufficient wind

9. biomass

food

fuel - wood and gasohol

10.  industrial ecology

conservation

recycling

11. future
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Hazardous substance - material that may pose a danger to living organisms, materials, structures, or the environment by explosion, fire hazard, corrosion, toxicity, or other detrimental effects.


Hazardous waste - hazardous substance that has been discarded, abandoned, neglected, released, or designated as a waste material, or one that may interact with other substances to be hazardous.

History - 


Ancient man - CO, Pb, alchemists


Love Canal - 1970's and 80's


"superfund sites" in MA, CA, KY, MO


1989 - Convention in Basel, Switzerland

Domestic Legislation - 


Toxic Substances Act of 1976


Resource Cons. and Recovery Act of 1976



(RCRA) - created EPA


required listing and control of haz. Wastes from source to final disposal

Hazardous and Solid Wastes Amendment Act of 1984 (HSWA) - to RCRA

Comprehensive Environmental Response, Conservation, and Liability Act of 1980


(CERCLA) - "Superfund Act"

requires site evaluation, evaluation of danger from site, evaluation of damage, monitoring, and cleanup

Superfund Amendments and Reauthori-zation Act of 1986 (SARA)



Extended CERCLA 5 years

Since 1986, no major actions. As of 1998 there were 1,359 designated Superfund sites, by 2003 866 had been cleaned up.


Types of hazardous wastes:

1. explosives - dynamite, TNT

2.  compressed gases - O2, SO2
3.  flammable liquids - gasoline

4. flammable solids - Mg, Na

5.  oxidizing materials - Li2O2
6.  corrosive materials - H2SO4, NaOH

7.  poisonous materials - NaCN

8. etiologic (disease causing) agents

9. radioactive materials

Classification - 

EPA (RCRA) requires that hazardous substances  must be listed specifically and defined according to general characteristics:

- ignitability - vapors or H2O contact


- corrosivity - acidity of basicity


- reactivity - violent rx or toxic products


- toxicity - causing damage to organisms




Listed wastes  (450+) - letter + 3 numerals


F- type - non-specific source (sludges, etc)


K-type - specific source (still bottoms, etc)


P-type - fatal in low doses (F2 = P056)


U-type - miscellaneous



CERCLA has broader definitions.


Hazardous wastes should be defined as to:

1. origin, type, and contents

2. characteristics

3. composition - specific contents

note:  should avoid mixing


Sources of hazardous wastes


- mostly small generators



- 10% of generators generate 95% of wastes



- 70-85% from chemical and petroleum 

   industries

- some to to air and water pollution control

Flammable and combustible substances

Flash point - temperature at which mixture of vapor and air ignites with flame 

Flammable liquid - flash point < 60.5oC

Combustible liq. - 60.5oC<flash pt< 93.3oC

Upper and Lower Flammability Limit:


LFU - not enough fuel


UFU - not enough air

Flammability range  (LFL-UFL)

Flammable solid - may ignite by friction



Finely divided particles - dust explosions



Spontaneous ignition - P, Cs, etc



Oxidizers - many produce heat


Reactive compounds - rapid or violent reactions



- explosives 



- heat and temperature



- related to structure


Corrosives - dissolve or oxidize metals



- strong acids





- strong bases



- oxidizing agents



- dehydrating agents

Toxicity - harm to living organisms

 
Chronic - long-term, low-level exposure


Acute - single, large exposure

- effects of combustion products

- consider leaching problems

Waste segregation and concentration


Physical form - det. treatment and disposal



- organic materials
- aqueous wastes

- sludges

Environmental Chemistry of Hazardous Wastes


Origin - point of entry into environment

1. deliberate, by humans

2. evaporation or wind ( atmosphere

3. leaching ( surface or groundwater

4. leakage from pipes or tanks

5. fires and explosions

6. release from inadequate facilities

Transport  - depends on physical properties

- volatility

- chemical factors, such as retention by clays

- water solubility


Effects - variable

- toxicity depends on many factors

- materials damage

- env. Effects, such as soil sterility


Fates - may take centuries



- solubility, reactivity, biodegradability

Anthrosphere


- source of most hazardous wastes


- transport regulated through DOT

Geosphere


- many routes into groundwater (plume)


- attenuation - immobilization by soils



- depends on chemical nature, surface area,



   organic matter, water content, etc 




Kd  = distribution coef.






= Cs / Cw



- complexing agents will also affect

Hydrosphere


- leaching

- ppt from atmosphere


- release into surface water


reactions

1. hydrolysis - cleavage by H2O

2. precipitation

3. oxidation/reduction

4. biochemical processes

5. photolysis reactions

Atmosphere


Pollution potential - degree of threat



- may be either primary or secondary


Residence time - half-life in atmosphere

Removal by dissolution in H2O, adsorption onto aerosols, dry deposition, etc


Reactions - photochemical and free radical

Biosphere


Biodegradation ( simpler substances


Mineralization ( inorganics

Detoxification ( less toxic substances


Biotransformation ( alteration by metabolism (enzymes) - may be aerobic or anaerobic
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Reduction, treatment, and disposal of haz. wastes:

Best scenario:

1. do not produce - change process

2. minimize - make as little as possible

3. recycle - directly or for another process

metals, glass, paper, plastics, rubber, catalysts,


    waste organics (solvents, fuels), ag products

4. treat

phase separations - evap., drying, stripping

concentrate - reverse dialysis, electrodeposit.



reactions

- precipitation




- hydrolysis




- neutralization




- oxidation / reduction




- extraction and leaching




- ion exchange




- photolysis (Green)



- sonolysis (Green)




- thermal

5. dispose of safely



incinerate



biodegradation




- aerobic or anaerobic




- phytoremediation – use of plants




- composting - medium other than soil



immobilization - minimize surface area




- stabilization




- solidification




- cementation or glassification




- encapsulation



landfill - must be lined and capped



surface impoundment of liquids



deep-well disposal



in-situ treatment - direct treatment of waste 




to insoluble form at site
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- see text


Environmental Biochemistry


Proteins


Carbohydrates


Lipids


Nucleic Acids
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Toxicology - the science of poisons (toxicants)

Toxicant - substance harmful to living organisms because of its detrimental effects on tissues, organs, or biological processes.


Depends on:

1. type of organism

2. amount of substance (dose) - time / conc

3. route of exposure (phase)

4. matrix (solvent)

acute exposure - specific, short time

chronic exposure - long time period

local exposure - specific location (site)

systemic exposure - whole body

routes of exposure -


skin, lungs, oral (GI) ( blood and lymph




     injection ( blood and lymph






     ( organs






     ( exhale or urine

each route has natural defences, so form of toxicant is important

effects - reversible or irreversible

interactions between chemicals

1. additive (synergistic) - two active substances

2. potentiation (inactive increases activity)

3. antagonism (active species decreases another)

dose/response relationship - amount/effect

Toxicological chemistry  - study of chemistry of toxic chemicals and their reactions (origins, uses, reactions, fates, disposal).

Reactions within the organism (if lipophilic)


Phase I - attach polar groups


Phase II - conjugative reactions 

- attach conjugating agents (usually detoxify) and eliminate

kinetic phase - toxicant traveling through organism 

1. absorption

2. metabolism

3. temporary storage

4. distribution

5. excretion

dynamic phase - actual interaction with body to cause a response ( primary reaction

 
toxicant + receptor ( modified receptor

biochemical effects:

1. enzyme inhibition

2. cell membrane disruption

3. disruption of metabolism

- lipids (fatty liver)



     - carbohydrates

4. respiration and electron transport

5. protein biosynthesis 

6. hormones, etc

response

1. temperature, pulse rate, resp. rate, BP

2. convulsions

3. odors

4. coma, death

teratogens - cause birth defects, usually damage fetus

mutagens - alter DNA (order of bases)

carcinogens - cause cancer (uncontrolled cell growth)

1. chemical agents

2. biological agents (viruses)

3. ionizing radiation

4. genetic factors

- many are mutagenic (may attach another group to DNA), but some are epigenetic (non-DNA), such as asbestos

immune system - may be surpressed by toxic substances, or overreact (allergy)
many risks are difficult to evaluate, especially in chronic exposure, because of dosage size and long time factor.

Epidemiological studies - correlate effects of exposure and effects, usually by extrapolation of animal studies.
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Toxicological chemistry of chemical substances

Elements


O3 - irritates eyes, upper resp., lungs


     - forms free radicals in tissue


white P - systemic - GI damage, anemia, brittle bones


halogens - F2, Cl2, Br2, I2


- irritate skin, mucus membranes, resp.




X2 + H2O  ( HX  (irritant)



- also interhalogens


heavy metals -



Be - very toxic - lung damage, skin ulcers


Cd - enzyme inactivation, bones, kidneys


Pb - Hgb synthesis, inhibits ATP production


As - coag proteins, inhibits ATP production



Hg - CNS (vapor), kidney (Hg2+)


Other inorganic species:



CN- - enzymes essential to electron transfer



CO - oxygen transport by hemoglobin



NO2 - pulmonary edema (similar to O3)



N2O - CNS depressant



Si - silicosis - pulmonary fibrosis of lungs

    - asbestos - asbestosis, bronchiogenic carcinoma

PH3 - phosphine, CNS, pulmonary function



P halides - irritants



H2S - respiratory system paralysis



SO2 - irritant of eyes, skin, respiratory sys.


Organometallics:



Organo Pb - lipids, CNS



Metal carbonyls - M(CO)n - toxic if volatile 


Organics:



Hydrocarbons 

saturated not too bad, but may react 

with myelin sheath of neurons


ethylene - phytotoxic (plants)


benzene - skin irritant, leukemias


toluene - not as bad as benzene and 

more biodegradable

napthalene - blood disorders

PAH - carcinogens



Alcohols - generally CNS




Methanol - optic nerve, CNS




Phenol - CNS



Aldehydes - irritation



Ethers - fairly inert



Amines - bases; may cause cancers




Nitrosamines - carcinogenic



Organohalides - CNS, carcinogens




Insecticides - very toxic, mostly CNS



Organosulfur - some toxic, all stink




Mustards - nerve gases, carcinogens



Organophosphorus - some insecticides
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Classical methods

Gravimetric methods - separate analyte and weigh



Examples: Cl and AgCl, SO42- as BaSO4




   Dissolved solids


Titrimetric methods - use titrations



Examples: acidity, alkalinity, EDTA-Ca

Instrumental methods


Photometric methods - involve light 


emission or absorbance measurement

1. colorimetric methods - visible light abs



most frequent method

2. atomic absorption



for metals

3. flame emission



mostly alkali metals

4. ICP (inductively coupled plasma)



Simultaneous  for many metals


Electrochemical methods - electrodes (pH)


Chromatographic methods - separation 

1. gas chromatography - (organics)

2. HPLC (high performance liquid chromatog)


Mass spectroscopy


Radioactivity

Water analysis

Parameters - color, solids, odor, T, conductance,





Turbidity


Sampling techniques


Preservation


Automated analysis
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Terrorism - attack on innocent people, outside the context of organized armed conflict, with the objective of spreading fear and intimidation.

Mass trauma – injuries, death, disability, and emotional stress caused by a catastrophic event.

Terrorism is strongly tied into environmental issues; crime syndicates traffic in hazardous wastes ($30 billion/yr) – “Green Customs”
Chemicals as weapons 

1. explosives

2. toxic substances

Green Chemistry – helps by minimizing production of harmful materials.

Infrastructure – all utilities, services, and basic facilities  that populations depend on in common.  It is very vulnerable due to the high degree of interconnectivity.

1. electrical system – power lines, plants

2. internet and computer systems

3. transportation – roads, bridges, signals

Food Supply – US is lacking diversity

1. chemical attack – not likely

2. insect infestation

3. microbial diseases – anthrax, hoof-and-mouth

4. fungi

Water Supply

1. direct chemical contamination – not likely

2. toxins from microorganisms – botulinus

3. infectious diseases – prevented by Cl2
Energy Supply – most vulnerable

1. electrical cables and towers

2. centralization of electrical systems

3. natural gas and petroleum pipelines

Transportation System - transport of hazardous materials (smuggling)

Chemical Industry – key component of economy

1. damage from explosions, etc

2. produces defense products

a. protective clothing

b. impact resistant glass

c. flame-resistant fabrics

d. disinfectants

3. care in manufacture, transport, and handling

Toxic Chemical Agents – direct application through skin contact or inhalation

1. vesicants (blister-inducing) - mustards

2. respiration inhibitors (O2 usage) - HCN

3. respiratory system agents - Cl2
4. blood incapacitors - LSD

5. tear gas

6. vomiting agents 

7. nerve gas

Military Poisons – used in WWI – mostly fatal; must have dispersing systems.

1. Cl2 
2. Phosgene

3. Tear Gas

4. Nerve Gases

Biotoxins – naturally produced

1. Botulinum - from bacteria

2. Ricin - from castor beans

Infectious Agents 


Category A
1. can be easily transmitted

2. high mortality rate

3. public panic and social disruption

4. require special care 

5 Agents included:

a. Anthrax

b. Plague

c. Smallpox

d. Tularemia

e. Viral hemorrhagic fevers


Category B – less severe


Category C – emerging

Designer Pathogens??

Reactive, Flammable, and Explosive Substances

1. hazardous industrial substances – accidents

2. military poisons

3. combustible substances and oxidizers

4. corrosives

5. highly reactive substances (explosives)

Detection

1. metal detectors and X-ray

2. residue analysis

3. instrumentation – NQR for nitrogen

4. canine olfactory detection

Removing hazardous Agents 

1. filters

2. scrubbers (compatibility problems)

3. decontamination using robots

Nuclear and Radiation Hazard – radiation detector
1. nuclear bomb vs “dirty” bomb

2. sources of fissionable material

Detecting Biological Threats

1. immunological analysis

2. nucleic acid analysis

3. cell culture and tissue based methods

4. instrumentation

Green Chemistry

Sustainable Prosperity – solve the problems??
