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ENVIRONMENTAL GEOCHEMISTRY

e Environmental Geochemistry: is the application
of chemical principles to predicting the fate of
organic & inorganic pollutants at surface & in atm
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NATURAL Vs. ANTHROPOGENIC

e Human activity have introduced new substances
into the environment that didn’t exist prior to the
Industrial Age (e.g. CFCs, & probably PCBs)

¢ Contaminant: substance present in greater than
natural concentration as a result of human
activity obus¥) Jady Al 3 _ephlflaas e sole S 5 pledic

e Pollutant (contaminants harms environment): is
substance present in greater than natural
concentration by human_activity that has a net
detrimental effect on the environment &_iS 5y 3k
dephll o 5575 anbll laa e

e Toxic (Toxicant, Pollutant harms biota): present
in greater than natural concentration as a result of
human activity that has a net detrimental effect
upon the life functions of one or more biota 2k 3
Lgnl i g€l (Ao 4ili b a5 Laas e Ls_uS 55

¢ Natural Compounds: natural occurring, & can be
classified as contaminants & pollutants

e Anthropogenic Compounds: materials affecting
environment produced due to the human activities

BIOGEOCHEMICAL CYCLES

e Biogeochemical cycle: natural pathway by which
elements of living matter are circulated

¢ Elements: mass of the same atoms can be divided
to metal & non-metal based on physical properties
=  Elements that form 99% of the crust are: O,,

Si**, ABR*, Fe?*, Fe3*, Ca2*, Na*, K*, Mg?*

e Mineral: naturally occurring, crystalline, solid,
inorganic, with characteristic chemical & physical
properties that allow it for some variation

dapbll 4 el pative elements J palic 256l cudd)

native elements J galbas s Fe Jia jalic 355220
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¢ Biosphere Elements (for life): O,, C,N,, H,, P, S

= Make up the building units in living organisms
(Carbohydrates, Proteins, Fats, DNAs, RNASs)

e Reservoirs: contains a quantifiable amount of
material with definable borders, defined by distinct
chemical, physical, or biological characteristics
= Scales are depends on the scope of problem
= e.g. reservoir of water are Oceans, atm...etc

e Box models & steady-state assumption used to
trace the passage of bio-geo-hydro-atom-spheres
constituent & assess impact of anthropogenic
inputs on natural cycle

e Box model: consists of several boxes show
reservoirs for a substance & the rate at which
material is transferred
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e In steady-state system: the total amount of a
substance in each reservoir remains constant (rate

of addition = rate of removal of a material)
Steady state scenario

s

Raservoir A Flux AB | ReservoirB | FluxBC L Reservoir C

If Flux AB = Flux BC - B is in study state
If Flux AB > Flux BC = B will increase
If Flux AB < Flux BC - B will decrease

Dynamic equilibrium scenario

= ~N
Flux ED
Reservoir D Reservoir E
Flux DE
L
J

If Flux AB = Flux BC - the system is in dynamic
equliperum (amount of materials will be constant)
If Flux AB # Flux BC - system is not in dynamic
equliperum (amount of materials will be changed)
o Residence time: is the average length of time a
particular substance will reside in a reservoir
Zamount of material inreservoir

tp =

rate of addition or removal

tR aemospheric water 1S VETY ShOrt which suggest that
change in the rate of addition of water lead to
rapid increases in vapor &precipitation. This is
referred to as speeding up of hydrologic cycle
due to warming

Atmosphere

.

Precipitation Evaporation
0.99x10"kgy”’ 0.63x10"kgy"

v

Lakes & rivers
0.3x10"kg

Precipitation Evaporation

3.5x10"kgy" 3.86 x 10"kg y"

River & groundwater discharge
0.36 x 10"kg y"*

B

The hydrologic cycle box is the simplest box

model
13.700x10K g
focean = (3.5 1 0.36)x107Kg/yr > 47T
0.13x10'K g

tam = 0,63 1 3.86)x10Kg/yr

=0.0290yr
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NITROGEN CYCLE
The nitrogen cycle: is the biogeochemical
cycle by which nitrogen is converted into
multiple chemical forms as it circulates among
atmosphere, terrestrial, & marine ecosystems
The conversion of nitrogen can be carried out
through biological & physical processes
Processes in the nitrogen cycle: fixation,
ammonification, nitrification, & denitrification
Atmosphe;e‘ ‘

50%

Denitrifying fertilizer

bacteria

Lightning

Consumption

-
| Animals
|

Excretion ) Excretion

Absorption

Decomposition

Soil or water Amino acids~ mnifying bacteria  Uric acid
NO,” NO," Azgtobgctor and urea
(nitrate) S — (nitrte) “~e— ATIMONA < Rhizoblyp~
Nitrifying Nitrate Amnifying

bacteria bacteria bacteria

Marine fation
§ and 0eposiion - \aring denitrification

Terestrial biomass

I\ x0Tt

Solls (9x 10*Tg)

\\
! p——
15 Deep ocean (6 x 10°Tg
- fixed in organic matier
Sadments and sadmentary |
focks (8 x 10°Tg
Fixation in —
- lightning 4‘0':)"0"888%0 Nitrogen Fixation
= Land plants <20 i (by bacteria)
v 3500 g
20 { - Ny —= NH3
\ RIS molecular —e ammonia
industrial \ 2B o Denitrification nirogen

fixation 130

Denitrification

& Biological 110

fixation
140

—_—
Nitrogen Fixation
(by bacteria)
Human Denitrification

Sea spray 15
—_— (by bacteria)

Blological
fixation - oy or NOp™— Np
Fixed Nitrogen — molecular
nitrogen

Soll erosion, runoff

and river flow
N

50
. | Oceans

Soll organic - N
9600

Burlal in marine sediments 10

e Nitrogen Fixation: conversion of nitrogen gas
(N,) into nitrates (NO3; ) & nitrites (NO, ) through
atmospheric, industrial, & biological processes

3

NH,* 3 NO
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common Nitrogen species

Nitrogen Cycle |
5 Call 30 — 15 ) 45,50 m s o Juad) (5l o) Gaaas
NO3z I Np <asohll eds Jsads (Jal sl s o 5505 )) o
N=N —lightning— N + N, N + O, — NO,
NO; + H,O — HNO; + H
(in ground): HNO3; > H + NO3
e  Atmospheric nitrogen fixed into a usable form to
be taken up by plants & fixed by lightning strikes
Ammonia Acid (Urea) J N, Jsais LSl ¢ gl (any o 58
Uileay Lo @l Jad e 5508 Ly i an gy Gl gaad) Glany elasl s
Oniilh e Fertilizers s:aulS bl gaall o3 Cldlaa aadiud
Biological e most fixation is done by free-living or symbiotic
Fixing bacteria that have enzyme combines N with H
to produce ammonia, which is converted by
the bacteria into other organic compounds
e  Symbiotic N-fixing bacteria live in root nodules
Plants can absorb nitrate or ammonium from the
soil by their root. If nitrate is absorbed, it is reduced
to nitrite & then ammonium for incorporation into
amino acids, nucleic acids, and chlorophyll
Ammonification or mineralization: When a plant
or animal dies, Bacteria or fungi convert the organic
nitrogen back into ammonium
e Dissimilatory nitrate reduction to
ammonium (nitrate/nitrite ammonification):
Microbes reducing nitrate into nitrite, & then
ammonium (NO;~ — NO, — NH,")
iy Ammonia d) caes LSl Gany pailad 1A pa Al
nitrite J nitrate J) Jisat 58 AN LS nitrate
e Urine are broken down by nitrifying bacteria in
the soil to be used by plants
e Nitrification: The conversion of ammonium to
nitrate by soil-living & nitrifying bacteria
1. The oxidation of ammonium (NH,") is
converts by bacteria into nitrites (NO, )
2. Other bacterial converts nitrites (NO; )
into nitrates (NO3 ), & It is important for
ammonia (NHs;) to be converted to nitrate
or nitrite because ammonia toxic to plants
industrial fixation Lelia Wi sl (I s s il dyga3 o
N, + 3H, > 2NH;
Today, about 30% of the total fixed nitrogen is
produced industrially using the Haber-Bosch
process, which uses high T-P to convert N, &
H-source (gas or petroleum) into ammonia
25850 3 sl dais industrial fixation o soltie! (Sas
e bud g Aadall I le e (b Cpns il 0S5 ) saaY)
OssY zWl
LS e )5l s a8 sall (315 ) dleall o
lane Gan g i ) aly el s 5 il LS e JI 3580
sl Gl ale
e Denitrification: the reduction of nitrates back
into nitrogen gas (N;), completing the nitrogen
cycle. & This process is performed by bacterial
species under anaerobic conditions
e Denitrifying bacteria use nitrates in the soil to
carry out respiration & consequently produce
N, which is inert & unavailable to plants
e occurs in free-living microorganisms
nitrite & ammonia are converted directly into
nitrogen gas (N;). This process makes up a
major proportion of nitrogen conversion in the
oceans

Lightning
fixation

Assimilation

Ammoni-
fication

Nitrification

Heber °
Fertilize

Fossil Fuels

De-
nitrification

Anaerobic
ammonia
oxidation

Name ON Species | Name ON |
SN\ POl Nitrous Oxide a1
+
Nitrous Acid |
Nitrous |
+4 |
+5 |

Species |
NH3z

|

(NHz).co [Nl 3 HNO, |
NH,  [IERIEAE 2 NO, |
N[CA Nitrate lon [ \
|

\PHE| Nitrogen [0

NO;
HNO3

SHAAS HAMDAN



Atmospheric Nltrogen(N ) PHOSPHORUS CYCL E
pust003Tg)

Terrestrial biomass
‘. 3x10°Tg)

Nitrogen-fixing Solls (2x 10° Tgl\
bacteria living in o e

~& 5 Dson e ———
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bacteria and fungi) N\ \ \ \ ' 3 \ 60‘ ( ‘50
Ammonification Nitrification N = —1_41____ ‘//,x\ 9 lp-:ep ocean (8.7 x .0.':;
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D s @»m N
ot Nitrifying bacteria < 0 : ' =
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Jle 4 Jaai (covalent bond 3) Aseabud Al adail 5, 3 2 > T S
oS Al ~ling) (5 HAY) A sal) pae ale el Ciraay g Jald ‘é /
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Common Nitrogen Species = _ OH- |
e A Greenhouse, 300 times > potent than CO, '§ \
NGOG e Formed .by (Orlgln) : N . 2 /
il 1. denitrification of fertilizers notably in S
(N;0) tropical & subtropical soils =4 * S -
2 2. non anthropogenically  enhanced = 10 12 14

denitrification & nitrification: soil,marine
(\E{[Il ¢« Include N monoxide (NO) & dioxide (NO3)
(NOx) e Form during combustion & grouped together
Nitric e Formed by (Origin):
acid 1. forms in atm by oxidation of N-oxides

Dl e Jiiy s weathering J1 8 dladys ) saaally s 5 Cudu )
el pall ot die 5 o sdiall laase o b Eua Jas ol HUaaYl
eutrophication J! g2 b JlaS (g sl Cadlall Cady 4ia

(HNO3)
Nitrate
(NO3)

Urea
(NHz).CO

2. product of volcanic eruptions

A highly soluble ion that is a product of natural
oxidation of organic matter & molecule

Environments: crustal with low dissolved O,
wetland sediment, deep marine water
May be formed by decaying of organic matter

How are Human Activities Affecting N-Cycle?

Industrial fixation N-oxides from fuel combustion

Effects of increased use of nitrogen fertilizer:

1. Eutrophication of industrie & marine ecosystem
associated loss of plant & animal diversity

2. acid rain (nitric); & acidification of soils & water

3. acid rain-related losses of essential soil nutrient
(i.e. Ca & K important in forested ecosystems)

4. Increased concentration of potent greenhouse
gas nitrous oxide (NO) in the atmosphere

5. increased concentrations of nitrogen oxides
(contribute to formation of photochemical smog)

-1 100

80

A

(megatons of nitrogen)

/ —{ 40

World population (billions)

|
[+2]
o
Consumption of nitrogen fertilizer

(1)) I
1925 1950 1975

1900

Year

B Population [l Consumption of Nitrogen

e The phosphorus cycle: is the biogeochemical
cycle that describes the movement of phosphorus
through the lithosphere, hydrosphere, & biosphere

e Phosphorus cycle is simpler cycle because has
no any gas phases, & only one valance state P>
(unlike many other cycles, the atmosphere does not
play a significant role in the movement of
phosphorus, because phosphorus are usually
solids at the typical ranges of T-P)

e Phosphorus is vital for living organism:

1. Very important component of DNA & RNA
2. Energy transferred via ATP

e Sources: major receivers are soils & rocks
» major source is soils in apatite
» can be found in chemical sedimentary rocks
» can be found in igneous rocks (within some rare

minerals e.g. turquoise, autunite, monazite)

e A good starting point for the P-cycle is chemical
weathering of hydroxyapatite in soils

Cag(PO4)sOH+4H,CO5 > 5Caz*+3HPO,2+4HCO; +H,0

Soil Conditions Dominant
pH = 2-7 H,PO,
pH=7-12 HPO,>
Very acidic situation(acid mine drainage) HsPO,
extremely alkaline PO,*

o Factors make P limiting nutrient in soil &aquatic
ecosystem (dominantly bound in solid phases)
1. Insoluble or sparingly soluble in most conditions
so in soils their anion (PO,3-) tends to form
poorly crystalline hydrated solids (bonded Ca)
2. Apatite resist erosion (stable), slowly released
to soil during weathering (KSpapaite = 1058 4313l
laa 4LB value that would produce equilibrium
concentration of dissolved P of = 10 molar)
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Nitrogen Phosphorous SULFUR CYCLE

Phase gas in atmosphere no gas phase .
Source Atmosphere Rock ° Sulfur occurrence: . . . .
- . Cannot be fixed from air 1. Biosphere: In amino acid, protein, & in plants
Fixing microbes & introduced by rivers 2. Lithosphere (Dominant): soil, & as pyrites in
Fixing introduce reactive N . y ' ' . P - . o= By .
to soil & ecosystems W'”d'b'OVr\]’” dust, & sediment, & in Marine (SO,2 oxic & S?~ anoxic)
weathering 3. Withosphere: less in S-minerals (e.g. gypsum)

State Numerous states Only +5 ]
Redox Prone to strong Prone to redox control if 4. Atmosphere: as SO, & H,S gases

control redox controls sorted to Fe-oxide

On surface water insoluble & partitioned

Solubility occure as highly into particulate fraction
soluble nitrite (silt, Clay..)

Limiting limiting nutrients in truly limiting nutrient in
nutrients aquatic ecosystem ecosystems

223 e 3,08 |y oS Lanie 40V i Al N 4dlial oy ol cils @llia (S )
Y sl oY sl b A il 8 P o bl o OSD g eal) Bl e
Y 13 incorporated in solid phases s s sl bl a5

limiting reactant Ji s  stw gdll Gl 5 aabiaiol clilil) aplaing

Humans have caused major changes to the global

P-cycle through shipping of P-minerals, & use of

phosphorus fertilizer

» 80% of the mined phosphorus is used to make
fertilizers that cause pollution in lakes & streams

» Over-enrichment of phosphate in marine waters
lead to massive algae blooms. the death &
decay of these blooms leads to eutrophication

Eutrophication: enrichment of water by nutrient,

lead to structural changes to the aquatic ecosystem

» primary source contributes to the eutrophication
is considered as nitrogen and phosphorus

Phosphorus does enter the atmosphere in very

small amounts when the dust is dissolved in

rainwater but remains mostly on land, rock, & soil

Phosphorus Cycle:

1. occur as orthophosphate (PO,); in rocks

2. Phosphorus-rich deposits are formed in the
ocean or from guano, & geologic processes
bring ocean sediments to land

3. Weathering & minerals release phosphorusin a
soluble form where it is taken up by plants, &
transformed into organic compounds

4. Plants consumed by herbivores & phosphorus
is incorporated into tissues & after death the
organisms decays, & phosphorus is returned to

ENVIRONMENTALGEOCHEMISTRY

¢ » lithosphere & Sulfite s) Gypsum J weathering<as,
bl 03ali5 Soil b in sa) e a s damall e e iy 4k
Ll asais S Y decay sy A8 Y Gl Gsdd laaie ]
4e ¢y LSS Jady A ga¥ Jlad L Saay Sl i Lxie 2
fossil fuel J S 5 & Jax ¢ ja s 4y gaanl) salall S 5 Jay
e she giad bl ge 2alyy sall DRl S Ge diy 3
Saey S 2 sulfur S Sulfate o« Jdsaié reducing 4 Sy
pyrite s sulfite (rsSil Fe ae 5| H g 235 o
OaSiy S Ao 43 3sasall §T2 a3 85l Goa Gl LG e
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e Sources of sulfur:
1. Natural Source: volcanic activity
2. Industrial Source: Human Activity (fossil fule)
e Environmental impact of sulfur on environment:
1. Acid rain (SO,): cause deforestation, acidify
waterways to the detriment of aquatic life, &
corrode building materials & paints
2. Acidic drainage (mines): formation &
movement of acidic water rich in heavy metals,
that forms through reaction of surface & shallow
subsurface waters with rocks contain S-bearing
minerals, case sulfuric acid
FeS, + H,O > Fe(OH)3 + 2H,SO,

: - Species Name Environments |
the soil where a large part of the phosphorus is PbS Galena (lead sulfides) -2
transformed into insoluble compounds Zns ShP:‘a'e”t? -2
5. Runoff carry part of P back into the ocean C“HZeSSZ Cc?n‘;oa%y:rte :g Reducing
» Phosphates move quickly through plants & (CHs)2S DMS 2 en\\/,ivrolnmgm
animals, the processes that move them through (CHs);SO _DMSO___ 2| Wetland
the soil or ocean are very slow, making the CrH1aN20,S A cialBlGyNELE) "2 | oxygen crustal
H2S Hydrogen Sulfide 2 | aivitmiens. &
phosphorus cycle one of the slowest cycles COS or OCS Carbonyl suffide 2| “Deep maring)
» Generally with time soils become deficient in CS, Carbon disulfide 2 P
phosphorus leading to ecosystem retrogression Fes, nyge (Iron Su_t'f'de) g
. rsenopyrite -
. phosphorgs transportation processes SO Sulfur Monoxide 2
1. Tectonic uplift & exposure of phosphorus- H,SOs Sulfurous Acid +2
bearing rock (e.g. apatite) to surface weathering Sulfite Anion +4
2. Erosion & weathering of P-bearing rocks to oty Dlowde 2
provide phosphorus to soils, lacks, & rivers Sulfur Trioxide ) EOXidiZing :
3. Riverine & subsurface transportation of Barite (barium Sulfate) | +4 | o onTon
phosphorus to lakes & run-off to the ocean KngS(%H?F('zs% ) Gypsum g;a:l;:lltm sulfite) :g
H H H 3 6 4)2
4. Sedimentation of particulate phosphorus & H,S0, Sulfuric Acid =
eventually burial in marine sediments S0,2 Sulfate Anion +6
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CARBON CYCLE

= . Moeenory | P9= Petagram= 10 *g

v ,‘ Anthropogenic __w
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< 5 Ladie 5 Lgdlaial ey dpall sl aslgins o3 s COZ 5l HCO™
uplifting led dasy Al Guldll ) sl (5855 laal) gl a5

Js il Asleall 038 (e o 5S

6 ENVIRONMENTALGEOCHEMISTRY

s O il DU 38 51 ¢ oS G ) i gyl SR
OaSiy sl a8l a3 e S8 gy 3 S DSy o)
Greathouse Gasses J! (x4l 43 ) ghad
e Carbon Occurrence:
1. Biosphere: Forms the basis of life
2. Atmosphere: major role in earth’s climate
3. Lithosphere: major agent of chemical
Weathering & soil formation (as carbonic acid)
e Forms: occurs in organic & inorganic forms &
important constituents of all reservoirs (Ilthosphere

atmosphere , oceans and living
Formula Name Formula
[l Carbon dioxide [iz[eloNelo¥ bi carbonate ion
SO0 Formalde Hyde [NeeNaNeeNy Oxalatic acid
(M Enthylene  [EG0Ne0) Glyoxal
cHs HERETE cH.0H-CH,OH Glycolic Acid
cH, [IREETYE cH.0H-CH,OH Enthylene Glycol
Oxidation state = [4, -4
Amount
[x10'‘g C]

Reservoir *Carbonites rock

Crust* 750,000,000 Oi 600,%00,000 e
Ocean 400,000 ispersed organic
Soils 16.000 150,000,000
' Hydrocarbons (coal)
Atmosphere 8,300 £0/000
Land Plants 6,000 z
Mantle In form of graphite or diamonds

COMPARISON BETWEEN CYCLES

e Common in all cycles

essential element in living organisms

cycled between biota, organic & inorganic forms

can react with Oxygen

important of terrestrial & marine ecosystems

play roles in global climate

Improving environmental quality of terrestrial &

aquatic ecosystems & the atmosphere will

require better management of these critical
elements

e as aresult of immobility behavior of P** it should
be easier to control movement from soil to aquatic
system

e N & P limiting nutrients: control primary
productivity in terrestrial & aquatic ecosystems &
affect cycling of C (by controls of photosynthesis &
S via plants uptake)

e Formation of carbonic acid in atmosphere exerts a
strong control on weathering rates & release P & S
to soil

e Formation of sulfuric acid (anthropogenic>>natural
rate) can enhance cycling of all dements by
speeding up chemical weathering & oxidation of
organic matter

e Various species of C,N, & S released to air during
combustion of fossil fuels so this anthropogenic
activity greatly affects the cycles of these 3
elements

ouhwnpRE

Atmospheric fluxes
Mobile (Fixing)

Phase No Gas
Source Atm Rock | Litho. | All

State -3,+5 [ Only +5 | -2, +6 | -4, +4
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10.

11.
12.
13.

14.

PROBLEMS

Describe the difference between steady state &
dynamic equilibrium & provide an example of each
What is the most oxidation state of N?

Why microbes exert a strong control on N
transformations.

What is the most oxidation state of S?

Main ways by which humans have altered S cycle
Reservoirs from which humans are extracting S
Indicate chemical reactions responsible for transfer
of sulfur into other reservoirs

Indicate 2 problems resulting from altered S cycling
microbe facilitate nitrification & denitrification. How
Both P & N cause eutrophication, indicate by what
processes N & P commonly enter aquatic bodies.
Show these pathways with a schematic sketch
Which process returns nitrogen gas into the atm?
The mean residence time of C in atmosphere
Describe 2 main means by which C is transferred
from atm to ocean (i.e. organic vs. inorganic). &
indicate which tends to result in long-term storage
Main factor limiting practical application of mineral
carbonation as a strategy for managing carbon?

Burning fossil fuels, where humans
accelerated the process of releasing sulfur
from fossil fuels

Lithosphere: majority in Marine
environment exist as sulfate in soil &
pyrites in sediments & rocks

Sulfide in marine fixed by reaction with iron

in a process that can be represented as:
8S0,2-+2Fez(OH)s+8H;0+15C P4FeS,+160H+15CO;
FeS; + H,O 2 Fe(OH)z + H,SO,
H,SO4 + H,0 2 HSO, +H;0*
HSO, +H,0 S0 +H;0*

1. Acid precipitation: sulfuric acid derived
from fossil fuel combustion (coal)

2. Acidic drainage (mines): refining of metal
contained in sulfide ore. formation &
movement of acidic water rich in heavy
metals, forms through reaction of surface &
subsurface waters with rocks contain S-
bearing minerals, case sulfuric acid

OXAN Steady State: flux of a given component

into the reservoir is equal to the flux out.
dC/dt=0
rat€sorm (increase [C]) = laAt€remove (decrease [C])
e Ca-flux into sea by rivers transportation
= rate at which it is removed by
precipitation of CaCO3. way by which
Ca is added to oceans not reversible
Dynamic equilibrium: if rateforward =
ratereverse SO the concentrations don’t
change over time (only in a closed, or
isolated system). A & B
rate forward rex = rate reverse rex
¢ Dissolution of CaCOs; in closed system
CaC03 + 2HC| > CaCIZ + Hzo + COZ

Nitrification: bacteria convert NH, *in soils to nitrite
& then another type converted nitrite into nitrate
2NH *+ 30; — 2NO, + 4H*+ 2H;0
ZNOZ_ + Oz i 2N03_
In Denitrification: Other bacteria reduce nitrates to
convertitinto N: NO; + NO; — N, + 20,

Nitrogen: enter the aquatic bodies through marine
fixation & deposition process directly from atm, or
trough rivers & rainwater from soils & rocks (the
nitrogen enter the soil itself also by fixation process)

Phosphorus: dissolved phosphorus also enter the
oceans by rivers or rain water from dissolved
phosphate in mines or phosphorus dust

Denitrification

p = S30Pg oo
T (125492) 7

A From -3 to +5 (N2 &N : rare & not exist
Q

naturally)

OKIN Providing different forms of N-compounds

able to be assimilated by higher organisms
1. N-Fixing: Some type of bacteria take N,
from atm & turn it into ammonia
N=N + 8H*+8e- +16ATP — 2NHj; + H, + 16ADP +
16Pi
2. Decomposition: as plants die & buried,
bacteria convert ammonia into ammonium
in soll
NHj + HzO — NH.*+ OH~
3. Nitrification: convert NH,* in soils into
nitrites, & then another type converted
nitrite into nitrate
2NH,*+ 30, — 2NO,  +4H*+ 2H,0
2NO, + 0O, — 2NOj
4. Denitrification: Other bacteria reduce

nitrates to convert it into nitrogen
NO_;_ + NO3_—> Nz + 202

aliy CO, 4w o sall GOl 0n S 2ap 1
G die 5 ) shlud) aiail 5 gl oLl dplee 3 LY
LK g Gige s Al QWK e LdSE o1 laiy
il L8 day Lol ga Y JIaT ) ladaa (g gall CaDlall 3 gy
il e o Gh Jsoill Wl aadlly il Sle
S Usaiss Tl 3 CO, s Cam amdlls 3l a3l
sy dnll cluldll aslgis M ,CO2 ) HCO ™
055y hmall g 3 B G Laic s Ll
28 (e 0 sSh 5 Uifting L Coasy Al 4Kl 3l
Oyl Adeall
Sadlan sl 25m sl 0 S 2] gl O (San 2
Gk o sl I 52 )1 Alanll 038 (ha a5 Japanall b
a0y V¥ aleall
Coz (from atmosphere) + HZO (from ocean) — H2C03
H,CO; — H* + HCO;
HCOg_ - H+ + CO32_
Ca2+ + C032_ — C3003

Global Warming (because C in Greathouse
gas)

(OZ38 From -2 to +6
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ONLINE QUIZZES
NITROGEN CYCLE
PHOSPHORUS CYCLE
CARBON CYCLE
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https://www.visionlearning.com/en/library/Earth-Science/6/The-Nitrogen-Cycle/98/quiz
https://www.visionlearning.com/en/library/Earth-Science/6/The-Phosphorus-Cycle/197
https://www.visionlearning.com/en/library/Earth-Science/6/The-Carbon-Cycle/95
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CHEMICAL BONDS
lonization potential (IP): energy required to
remove electron from a neutral atom to infinite
distance from the nucleus
Electron afflnlty(EA) tendency of atom to attract e-
: ability of atom to attract e-

X | Electrons Form |
Metals Low | Low | Low Lose Cation
NI R EIEIS High | High | High Gain Anion

lonic Bond: formed via the electrostatic Gee
attraction between oppositely charged ion
= |dolized ionic or electrovalent bonding QQQ
= Electrostatic attraction represent by Coulomb’s
1 Z,Z_
4me, 12
E: permittivity, for free space: 8.84x10° [farad/m, C/Volt m]
F: attraction force, Z: cation-anion charges, r: cat-ani distance

oo i %%,
Nae | .(.:l. Na* -+ 0910

Covalent Bond: by sharing of electrons

= Found in gaseous (e.g. N,) or organic
compound, some mineral (Diamond)

= May have some ionic character &
vice versa because sharing of e- may
not be equal

= Polar Covalent bond: sharing of e- pair is
unequal (one atom more +ve & other more -ve)

He | eH HeH
HOXC

Metallic Bond: once valence
electrons released by a metal atom @&9 @
® 930 ©

they aren’t fixed with a specific atom

but migrate through the crystal

structure as cloud 2@@@@@\569

= Weaker than covalent & ionic & are part of the
reasons why metal bearing sulfide minerals are
relatively unstable at the Earth surface

= Qccursin: sulfide minerals (e.g. pyrite), native
elements (e.g. Cu, Ag), & some elements in
solid state (e.g. Cu, Cr, Fe, Ni, & Zn)

Dipole bonds (VDW & H): Exist between

electrically neutral molecules or compounds with

some unequal distribution of electrons

= QOccur in sheet silicate (e.g. Biotite), diamond &
graphite, & in water molecules

= Water has a permanent dipole but van der
Waals bonds also exist between electrically
neutral molecules or compounds where the
electrostatic attractions are temporary

(")

tetrahedron

®

/ A R
\\\O ) State 1 State 2
&) .~ () ()
AR "R, S ASEBE — A bBE
\\Ox / \ 502

o) ()
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e |onic vs Covalent Character: We use differences
in electronegativity to determine ionic character %

Percentage of lonic character of a single bonds with O
% | x| % | Ax | % | Ax

- Ax
3.1

A
2.5
2.6
2.7
2.8
2.9
3.0

HEEH

Al \l 4

Zo

Electronegatlwty (x)

Co | Ni | Cu
. 18

r» | Ga | Ge | As | Se
16 [ 20 24

IHHEHERE
NI EInI IR a™)

" Rh rd Ag Cd
2 |22 |aa]aalie )

s | & | | Au
22 | 22 | 22 | 2a

EXAMPLE calculate ionic character for CsF
Axcsk = 4.0 - 0.7 = 3.3 =2 >92%ionic,<8%covalent
e lonic vs metallic character: why Al good electrical
conductor than Na or Fe? Or why Al behave as
ductile material whereas Na are brittle (break)
= The answer for 2 question that the Al have ionic
character whereas Na have a metallic character
e oY fuall e K1 electrical conductor asiadY) 13kl
@ﬁ\:ﬂkgb c«}-si-\sggd}\u)ﬁs‘ oYl )\M\ @A| QU})BSS\
& i (A5 Na (45 S dad) oY tNa S Y5 Al ey 13
metallic 4l 8aY) S Sb AlSh il an L dasall Gl G
OsSiu l A (e Ciua Aal ) 2128 jonic bond s sissd Al W (bond
ol e dlladly HaV) Caalls daa gall (5 slse (adh e daa sall il )
Gall Cumyas ) Aigad) Ll L L il (533 Lo Ll (5 sinsa

Electron

Metallic Free Metallic i
a cauon;s'\ CICSlmme cunn?\.\ lld
0000 0000
e © e

- 0000

WATER MOLECULE

e The earth is only planet in the solar system where
water occurs in all three phases (solid, liquid, gas)

o Water covers 70% of the surface, & The amount of
water (1.4 Gkm3) in the earth system is constant

e The oceans accounts for over 97% of the earth’s
water, & 60-75% of the human body is water

e Water moving in circulation called hydrologic cycle
Occurrence of water on the earth Occurrence of non-oceanic water

23B85883888

80;
70
60-
ot
40
30
20

0/
0

Classification of Waters

Derived from atm as rain or snow
Pore water in deep sedimentary rock
From dehydration reactions

| From the mantle

Meteoric

Formation |
Metamorphic |
Juvenile
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e All physical & chemical properties of a
compound depend on the character of the
chemical bonds (e.g. like dissolves like)
= water is a polar covalent solvent so ionic

compounds have high agueous solubility

EXAMPLE NaCl are 67% ionic character so it

soluble, but Diamond have 0% it nearly insoluble

e each water molecule has >
+ve & - ve end that can
attract to form H-bond H e

e The H-bonding of water is responsible for
1. high boiling point & melting point
2. The maximum density is at 4°C
3. Ice is less dense than the liquid water
Properties of water
Heat capacity Highest of all solids & liquids (except NH;)
Of fusion: Higher than most solids & all
liquids (except of ammonia NHs)
Of vaporization: Highest of all substances
Dissolves more substances (ionic) & in
greater quantity than other common liquid
Transparency Relatively high for visible light
Physical state only substance occurs naturally in all 3 states
SIECERERS M Highest of all common liquids
Conductivity Highest of all common liguids (except HQ)
Viscosity Relatively low viscosity for a liquid
e Water as Solvent: Water dissolves every solid or
gas, & due to polar nature of water ions will be
surrounded by water dipoles (hydrated) in solution

Latent heat

Dissolving ability

Solven Solutes Solution
(dissolved (solvent +
constituents)
Ca®, Mg,
HCO;, CI,
etc

¢ Hydration: isolate ion
from their neighbor &
neutralize  attractive

v, ¢®
f that  hold - 2". ‘. CI‘A
rgirr?eersalstogaether ° .’ ,. " .’

10008 r

1.0000 s max @

09995 .Decrease §C

200 in p due to |
Hbond Decrease in p

09985 .

due topolarity

0,990 -

099751 Density of ice @ 0°C =

09070 0.9170

0,995 .

0 § 10 15 2 % Kl
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1%

» Bail -« Melt
100 B
H20 °C-Mw
6 1)
0 HZTe
01 .
HOS H2Se ‘.
-5 . : s
e
100

0 2 4 6 & 0w 2 W
UNITE OF EXPLORATION

e Units of mass concentration:
1. weigh/weigh units (wt/wt): ppm , ppb
2. weigh/volume units (S): mg/L, g/L
msolutein mg

msolution_in Kg
mg/l — MgopytelN Myg
Vsolutionin L
1g 1mg 1mg 1
PP =106 1kg L 'p
e Units of Molar Concentration:
1. Mole (n) = 6.023x10% atoms or molecules
2. Mole faction (X): is used for solid solutions
3. Molality (m), & Molarity (M): involved in
calculation deal with volumetric stoichiometry
4. Percentage (%): ratio of solute to the solution,
if [solution] is given as a percentage you can
assume it is a mass% unless otherwise stated
5. Normality or mole equivalent (equ or N): are
similar to moles but take into account valence
_ Nsolute
 Zn
_ Nsolute [m‘)le]

Vsolution [L]
_ Nsolute [mOle]

Mgolvent [Kg]
N (0 equ) = n x |{;on|
mg nxMwx1000
L V[L]
EXAMPLE a concentrated solution of HCI which is known to
be 37.0% & has a solution density of 1.19 g/mL . What is the
Molarity of HCI?

ppm =

37
%HC[ =——x100 - Mmyc; = 37g

100
37gmol
Nycy = 3650 59 =1.014mol
Moruti 100g
Vsotution = “’;“"" =115 mL = 0.0917L
(HCl) = 1.014mol _ 11.06M
T 0.0917L

EXAMPLE Calculate N for Ca2*, Na*, AR*, O%, & H,0O if each
have a concentration of 0.002mol/L
N of 0.002Mcz+ = 0.002x2 = 0.004equ/L
N of 0.002mol/Lna+ = 0.002x1 = 0.002equ/L
N of 0.002Maj+ = 0.002x3 = 0.006equ/L
N of 0.002Mc-. = 0.002x2 = 0.004equ/L
N of 0.002M,0 = 0.002x0 =0

e Parameter Expressed in equ: Alkalinity,Hardness
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PROBLEMS

e The laboratory reported the concentration of
calcium ion (Ca?*) in a water sample as 92mg/L.
calculate the normality of calcium ion (Ca?*)

941 92 mg g mol _
[Ca™] = 1500 x20.08 mggL = *-002295M

N = Mx¢ = 0.002295 x 2 = 0.004591equ/L

N = 0.004591equ/L = 4.591mequ/L

e What are the differences between bonds?
lonic (electrovalent) bond of oppositely charged ions
metallic structure showing electron paths around the
nuclei of metal atoms (represented as a cloud of +ve

ions immersed in a cloud of valence electrons)
Covalent bonds involve electron sharing
van der Waals bond weak dipole attraction, neutral
molecules held together by this force

e Why metal bearing sulfide minerals are
relatively unstable at the Earth surface
Due to metallic bonding behavior, metallic bond are
weaker than covalent & ionic bonds

e Calculate the covalent character in Fe,S
(X: Fe=1.8,S=2.5)
Ax=25-18=0.7
0.7 = 12% ionic character
Covalent character = 100% - 12% = 88%

e Alis good electrical conductor than Fe. Why?
Because Al have an ionic character whereas Fe
have metallic character (number of electrons in

the last orbital os Al is higher than Fe, Which
leads to formation of an ionic bond in Al)

e Al behave as ductile material whereas Fe are
brittle (break or fracture under stress). Why?
Because Al have an ionic character whereas Fe have
metallic character (due to the electron cloud in the
metallic substance that doesn't change)

e What is the [Ca?*] (in ppm, i.e. mg/L) in a
47x10 *“M solution of CaCl,? & What is the
[CaCl,] (in ppm) in the same solution? (Mw: Ca
= 40.1g/mol, CI = 35.5g/mol)

CaCl, > Ca?* + 2Cl
Ncacl, = Nca = [CaCl,] = [Ca2*] = 47x10 “mol/L
247 — -5 smol g mg _

[Ca**] = 4.7x107°x40.1x10 L mol g 1.9mg/L

[CaCly] = 4.7x1075x(40.1 + 2x35.5)x103 = 5.22mg/L

e Which compound is more soluble in water MgO
or CaO? Explain your reasoning
Water is a polar molecule, so the more the ionic

character the more the solubility
Ax MgO =3.5-1.2 =2.3 > 74%ionic
Ax CaO =3.5-1.0=2.5 2> 79%ionic

CaO are more soluble than MgO

10 ENVIRONMENTALGEOCHEMISTRY

¢ Inthe previous question calculate the normality
of both Ca & CacCl,
Nca=47x10 “x 2 =0.0148 equ
Ncac,= 0

e What is the importance of chemical bonds?
Determine the behavior (physical & chemical
properties) of molecules & compounds

e The hydrogen bond in water molecule held
molecules together & responsible for many
properties & behaviors of water. What is
responsible for the formation of this bond?

The H-bond in water molecules formed due to polar
covalent bonds between H-O in the same molecule
which generate -ve partial charge on the O-atom &
+ve partial charge on the H-atom (i.e unequal
shearing of e- because O has much more x than H)

e Identify each of the following

4

1: H-bond (intramolecular bond)

2: Polar Covalent Bond (intermolecular bond)
3: Partial +ve charge on H-atom
4: Partial -ve charge on O-atom

e The maximum density of water is at 4°C.

However, at temperature less than 4°C the
density decrease, & at temperature more than
4°C the density also decreases (this called
water abnormality). Explain this behavior
At T = 4°C water reach its maximum density due to H-
bond. However, At T < 4°C the density decrease due
to H-bond, & At T>4°C the H-bond become unstable
(break & bond with another molecule) & The reason
responsible for this behavior in this case is the polarity
of water molecules
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CARBON CHEMISTRY
(ORGANIC COMPOUNDS)

e Bonding in carbon compounds:
1. Single (o): inactive compounds. e.g. Alkanes
2. Double (o, m): active such as Alkanes
3. Triple (o, 21r): very active such as Alkynes
e Saturation:
1. Unsaturated: not all C-atom involve in bonding
(there is free e-) such as Alkenes & Alkynes
2. Saturated: all C-atoms are involve in bonding
e Chemical formula’s types for C-compounds:
1. Molecular: Number of atoms (C,He) H H
2. Structural: arrangement (geometry) w—c—c-n
of atoms in the compounds in detail H H
3. Condensed: same as structural but in simpler
forms (CH3-CHj3), the most commonly used

HYDROCARBONS

e Contain: C & H (major source is crude oils)

¢ Major type: alkanes, alkenes, alkynes, & aromatic

Major reaction: Combustion, Substitution, Addition
.~ Alkane = Alkene

Bond I Single (o) | Double (g, 1) | Triple (o, 21m)

SEWCUul  Saturated Unsaturated | Unsaturated
Formula [ CnHan CoHan2
FEEWA VA  Unactive Active Active
Major Combustion Addition Addition

REEWIS Substitution | Substitution Substitution

[ransition Dvesel harcsene
aviasion &

Physical ot " T
properties of - o Y Solid
alkanes are vai o Liqud
depending on = o meebe " e
the size of ol ~1 —
molecules o]

(number of C- T TR TR T T T T T
atoms) Number of C atoms in akane
NAMING SYSTEM
1 ] 2 3 4 | 5 | 6 | 7 8 | 9 | 10

Meth | Eth | Prop | But | Pent | Hex | Hept | Oct | Non | Dec
Y & ghal) al (S e o) Apantl @

e i€l 5 & A oLl ALubud) 8 s S il ae ]

Baaly Aoyl Lo e SH Gl S ilS gl o ga sall daal g )l 2aa 2
OS5 ene paiall capal (il ) S 15 ane ahadall Caniaiia
(propane, propene...) o S &id aalyne ahadall canai 3

L 0soShh @l e a8 Cus alkyls oand oeb g d a3
CHs; methyl, C,H; ethyl, ) ~¥ Jal Iyl adaiall Canat
CnHzn.1 2 g 58l dilea 5 (C3H; propyl..

CUAY) dgall (e 2ally T dad g 58 2 gms Al tad ) A AN 4
Aasl U AV Agall (e 2adly i a5 2 5a 5 Alls s g Al

(dli, tri...) gAY 22e Cnaig B e J8I g dlla & 5

Cycle &S Cauai (cpii) Lyke S wasngda 4 .6

(cloromethan) Jis au¥) Ji adaie canzai Jogul) adleldsy, |7

(Nic) canal (a sanll b5 ((ANOI) apai Ayl sl LS pall 4.8

CH3-CH,-CH,-CHj3
4C - But, (single g) > ane
Name: Butane

CH3-CH=CH-CHs

4C - But, Double (o+) 2> 2-ene
Name: 2-Butene

11 ENVIRONMENTALGEOCHEMISTRY

CH3-C=C-CHj;
4C - But, Triple (o+21) 2 3-yen
Name: 3-Butyne

CHz CH, CH; CH,; CH,; CHs;
6C = Hex, 14H - ane, then Hexane
CHs;

I
CH; - CH, - CH, - CH - CH, - CHs
6C > Hex, single - ane, then Hexane
Branch: 39 atom = 3, 1C = meth, then 3 methyl
Name: 3-methylhexane

CH; CHs;

I I
CH; CH, CH CH CH; CHs
6C - Hexane
1t Branch: 39 atom > 3, 1C - meth, then 3 methyl
2" Branch: 4" atom = 4, 1C > meth, then 4 methyl
Name: 3, 4-dimethylhexane
CHs; CH, —— CHs;

I I
CH; CH, CH CH; CH CH; CH; CHs
1st Branch: 3@ atom = 3, 1C = meth, then 3 methyl
2" Branch: 5" atom = 5, 1C - ethyl, then 5 ethyl
5-ethyl-3-methyloctan

CHs; CH, —— CHs;

I I
CH; C CHy CH CH, CH, CHs

CH3
8C with o bonds: hept
1st Branch: 2" atom - 2, 1C - meth, then 2 methyl
2" Branch: 2" atom = 2, 1C > meth, then 2 methyl
3 Branch: 4" atom - 5, 1C - ethyl, then 4 ethyl
4-ethyl-2-2-dimethylheptan

CHs
I
CH3 - CH = C - CH3
4C-> prop, (o+1)-> ene, then: propene
Bond: 1%t C-atom: 1-butene
Branch: 3" C-atom & 3-methyl
3-methyl-but-2-ene

CH3;
I
CHz = C CH = CH CHz CH3
2-methyl-1,3-hexdiene
CH = CH,
I
CH3 C = CH C £ C CHZ CH3

7C - oct, 3bond > yne, 2bond - ene
15t bond: 15t atom = 1-octene
2" pond: 3@ atom > 3-octene
39 pond: 5™ atom = 5-octyne
Branch: 3" atom & methyl > 3-methyl
3-methyl-1,3-octdiene-5-yne

H»> H>
P P
H,C CH, H,C CH,

\ /

C C C=—=C

H, Hs H H
Cyclopentane Cyclopentene
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ISOMERS

e |somers: are molecules or polyatomic ions with
identical molecular formulas (have same numbers
of atoms of each element with distinct arrangement)
» On other words: have the same molecular

formula but different structural formula

e e.g. butane & 2-methylpropane have the same
molecular formulas but differ in all chemical &
physical properties & structural formulas

Butane (C4H1o): CH3-CH,-CH,-CH;
2-methylpropane (C4H4p): CH3-CH-CH;3
cHy
MAJOR REACTIONS

¢ Alkanes: are saturated hydrocarbons (unreactive)
but are characterized by combustion & substitution

(limited in high temperature)

» Combustion: At high temperature alkanes
react vigorously & exothermally with oxygen
CnHan+2 g) + Oz(g) > H20() + COz() + E

» Substitution: with halogens (F, B, Cl, & 1) in the
presence of light (UV wave)

Cl, (or Bry) + UV - 2ClI (or 2Br)
Cl + CH, > CH; + HCI
CHs + Cl, > CH;ClI (chloromethane) + ClI
CHsCI + Cl, -->CH,Cl, (dichloromethane) + CI

o Alkenes & Alkynes: are unsaturated hydrocarbons
(reactive) & characterized by additional reactions

» Halogenation: convert Alkenes into halo-

Alkanes by reaction with halogens (Cl, I%‘r, IH F)

H H Lo
\ /
C=cC + Br—Br S H—=C—C-—H
/ N [
H H Br Br
Ethene Bromine Dibromo ethane
» Hydration: convert Alkenes into Alkohol (-anol)
H OH
H H Lo
N\ 7
c=C + H—OH — H—=C—C—H
7/ \ | |
H H H H
Ethene Water Ethanol
» Hydrogenation: convert Alkynes into Alkanes
H H H H
\ Vi I
c=C + H—H S H—C—C—H
> 4 N | |
H H H H
Ethene Hydrogen Ethane

» Polymerization: convert Alkenes or Alkenes
into polymorphs (&Ssiwdll cileluall b ol Jelail)

H cl H CCH CH CI
\ / D S A T e
c=C — =C=C=C~C~C—~C—
/ N\
H H

n
Vinyl chloride

HHHHHAHH
Polyvinyl chloride
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AROMATIC (ARYL) HYDROCARBONS

e Aromatic hydrocarbons: have closed ring of 6C
atoms, with H shape with 3C having double bond
with connected C & single bond with another C

<\-’. _/7 c ¥ ==t ~ - ',/7 -

"\;/’ B O i ~ e W e

e Such a ring is referred to as a benzene ring & all
hydrocarbons containing one or more rings are
referred to as aromatics or aryl compounds

e Aromatic Hydrocarbons (contain benzene Ring)

e BTEX: acronyms, some of
the volatile organic

compounds (VOC) in

petroleum, stands for
benzene, toluene,
ethylbenzene, & xylenes

X IS an substituent
0 = ortho positio
m = meta positio
p = para position

Polycyclic Aromatic Hydrocarbons (PAH): is a compounds that

formed by multiple benzene rings, some of PAH are precursors to

cancer-causing metabolite & have significant environmental interest

2-ring PAH: component of coal tar & occurs as

Napthalene soil &aquifer contaminant near coal-tar facilities
(PAHS) e considered as a common air pollutants

e Formed by incomplete combustion of wood

5-ring PAH: product of incomplete combustion
EENPAIEV O of other PAH, indoor air contaminant & widely
distributed in the environments

Anthracene Benzo(a)pyrene
ORGANOCHLORIDES COMPOUNDS

e Include: Chlorofluorocarbons, Polychlorinated
biphenyls (PCB’s), & Chlorinated phenols

e biomagnification: concentration Teriary Consumer=50ppm
of organochlorine increases as '
one moves higher in food chain

e Organochlorine are soluble iN iy Consumer=05ppm
organic  solvent, so they 1
concentrate in fatty tissues

e Non Aqueous-Phase Liquid (NAPL)
> LNAPL.: slightly soluble halogenated hydrocarbon
» DNAPL: Insoluble, Alkanes, & Petroleum

Secondary Consumer= 5 ppm

Primary Producer = (.05 ppm
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BTEX
Hydrocarbon
Benzene
Toluene
Ethylbenzene
O-xylene
m-xylene
p-xylene
e.g of DNAPL: Halogenated or Non-Halogenate volatile,

Halogenated semivolatiles, & Miscellaneous (Coal Tar)

Polymers: any long molecules formed by
smaller units called monomers
» Addition Polymer: formed by same monomers

Solubility in distilled
water [ppm]

Solubility in sea
water [ppm]

FUNCTIONAL GROUP

Organic molecules can contain other elements
such as oxygen, Nitrogen< & halogens. These
atoms occur in functional groups that are attached
to the main carbon skeleton & lead to the great
diversity in properties noted for organic compounds

» Condensation Polymer: different monomers
Derived from benzene rings by addition of at least once
hydroxyl group in place of H atom

Is a toxic liquid, result if all 5 H-atoms in benzene are
replaced by Cl atoms

2 benzene ring joined by single bond with attached CI-
atoms. have significant environmental & health hazard

Chloranated ‘
phenols

Pentachloro- ‘
phenol

Polychlorinated
biphenyls (PCB)

Dichlorodiphenly-
trichloroethane
(DDT)

Dioxin

i

They are insoluble in water but very soluble in fatty
or oily substances so accumulate in environment
& subsequently in fatty tissues of birds & fish
used as coolant for power transformer & capacitor
Dibenzofuran: produced by combustion of PCB
in presence of ox

Polychlorinated molecule consist of 2 benzene rings
joined by a chlorinated ethane group, Each ring has ClI
atom substituting for H atom

family  of
byproducts of certain industrial,

Organochlorine insecticide, low mammalian
toxicity & persistence in environment, it was
considered as a good insecticides. But some
animales metabolize it & form DDE which interfere
with reproduction
» the most well-known consequences of this
phenomenon were the recipitous drops in
populations of eagles, peregrine falcons &
other predatory birds due to biomagnification
of synthesized rganochlorine (DDT & PCB)
predatory bird populations begun to rebound
in response to restrictions on DDT, & PCB
chemical compounds, unintentional
non-industrial, &

natural processes, involving combustion

Different compound have different toxicity

TCDD: considered as most well studied & toxic
form of dioxin. present in herbicides & fungicides
dioxin types vary greatly in toxicity, some of them
10,000 times less toxic than TCDD

Origin: No one makes dioxin on purpose. But
through incinerators, the manufacture of certain
herbicides, & pulp & paper bleaching were among
the largest industrial sources of dioxin

Phenol

Cl

Dichlorodiphenlytrichloroethane

(DDT)

i
10

O
Dioxin

o
—
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Methyisulfunc acid
Thiourea

’ N
H H
Thiourea

Examples of organophosphorus
H

POHHPO
H OH

Phosphinous acid Phosphinic acid Dimethylphosphinic  Tnmethyl phosphate
Condensation reaction to form ester from alkohol
methanol) & butanoic acid

H HHHO H

| |
H—C—H+HCCCCOH—>H-C
l [ |

H HHH H

p OH CH,-0- P—O
CH3 0 CH,

C-C-C-H + H.0
[ |
HHH

Methanol + Butanoic acid — Methyl butanoate

Ethylene Vinyl chloride

Tetrafluoroethylene
H

Ve

=0
AN
CH,

H
\
4

H
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ORGANIC MATTER IN THE ENVIRONMENT

HUMIC SUBSTANCES

¢ Humic Substances: naturally occurring compound
of biogenic, heterogeneous organic substances
that can be characterized as being yellow to black
in color, of high molecular weight & refractory

e Found at the surface in soils, brown coal, fresh to
marine water, marine to lacustrine sediments

¢ Distinction between the types of substances is

based on their solubility in acids & bases

Types of Humic Substance (Pigmented Polymers) \

Humin | Humic Acid | Fluvic Acid

LEK-E¢ll Insoluble Soluble Soluble
LI Insoluble Insoluble Soluble
Mw Higher | Intermediate Lower
C% Higher | Intermediate Lower
0% Lower Intermediate Higher
Acidity Lower Intermediate Higher
IEC* Lower Intermediate Higher
STl[SloJllisYA Lower Intermediate Higher
Pz Higher | Intermediate Lower
Intensity Higher | Intermediate Lower
of color Dark, Gray-black, | Light-yellow,
Black Dark-brown | yellow-brown

*|EC: ion exchange capacity, Pz: Polymerization

¢ humic & fulvic acids don’t have fixed compositions,
but rather consist of a varied array of alkane chains
& rings, aromatic, carboxyl & hydroxyl groups, &
some Sand N-based functional groups

» Humic acid is richer in C more than fulvic acid

» fulvic acid is richer in O more than Humic acid
Composition | Humic Acids | Fulvic Acids |

I NNCA O 53.6-58.7 | 40.7-50.6
Hydrogen (%wt) 3.2-6.2 3.8-7.0
Nitrogen (%wt) 0.8-5.5 0.9-33
Oxygen (%wt) 32.8-38.3 39.7-49.8
Sulfur (Y%wt) 0.1-15 0.1-3.6
\e]MVIM(PLUGHEIN 2000 — 5000 | 500 — 2000
H/C (atomic) 0.8 1.3
O/C (atomic) 0.5 0.8

Composition of humic substances in various environments
\ Aromatic HC H/C Molecular wight |

Ground - 0.7-1.2 500-10¢
Surface 17-30% 0.7-1.1 <104
Sea <15% 1.0-16 10%-10°
= | Lack HEEZ 1.6 <10°
MNVITTP <i5% | 1015 -
& S 2035% | 05-1.0 10106
SOIL & MARINE ORGANIC MATTER

Organic

Matter ‘ Porosity pH ‘ Major sources & C/N ratios

Surface layers are oxic, but with

Marine 60-90% 7-8 | increasing depth pore water
become anoxic (Low C/N ratio)
e Input of organic matter fall
30-60% | 4-8.5 (root) invasion with C/N>25

. Total microbial biomass = 2 -
3% with low C/N (<15)

e Soil = organic compound + Air (gasses) + water
e Organic compounds concentrated in O-horizon
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PERCOLATING
AT
O Organic — i =5
e — Solution
—_—— Complexing
v
Leaching
B1 Organic enriched HHEHH £ v
Precipitation

A1 Organic-rich mineral

A2 Severely leached

B2 Sequioxide enriched
B3 Transition

C Weathered parent

; W To groundwate
material :

and streams

Parent material

Atomic C/N versus 813C for various
reservoirs of organic carbon

138 =-amount of C compared to the standard

organic: -

3"*C (°/o00)
COALS

Humic Coals:
derived from
humic substances

Van Krevelen
diagram: changes in
H, O, & C during the

via peat stage % coallflcatl(lr::s)rocess/r
Sapropelic 2 e
coals: formed [ T oo
from fairly fine- E
grained organic [

mud in quiet, O-
deficient shallow 9 02 —
water e Naiel veeeQ/C @tomic ratio

U 0238 | |

Sl 0173 [MGEM  3-20 | |
| 6-100 [ECE 0433 | |
2-1. |

inorganic Association,
Inorganic Association: from minerals in coal that
aren’t decomposed

No association: the origin isn’t known

Sulfur in coal are combined with organic molecules
or as physically separate sulfide minerals

Sulfur occurs in reduced forms because organic
rich depositional environment is reducing

» In presence of Fe pyrite & marcasite forms

> In absence of Fe, free H,S & polysulfides form

SHAAS HAMDAN




PETROLEUM

e Is any hydrocarbon-rich fluid derived from kerogen
by increases in pressure & temperature

e Kerogen: polymeric organic material, occur in sed.
rocks as finely disseminated organic macerals

(€) 3 ) md Cdg s
o 20 40 60 80 100 120 140 160 180

Products
Biogenic
CH,

Kerogen

Mean comp hydrocarbons

CH,

Kerogen
towards
graphite

Metagenesis «—Catagenesis —» «——Diagenesis—»
Temperature ('C)

Production of petroleum from a typical reservoir rock assuming an
average geothermal gradient. the narrow P-T range over which oil
is produced (petroleum window). With increasing T, the size of the
mean hydrocarbon molecule decreases. During catagenesis,
hydrocarbon chains break off & are expelled from the kerogen.
During metagenesis, only methane is released
Elemental composition of crude oil

c wwt) [IE2PEIR (Yowt)

H (%wt) 11.8-14.7 Other (Wwt%) |

(27O 0.1-55 Ni (ppm)
YO 0.1-45 V (ppm)

Associates with resins & asphaltenes
e Classification of petrol based on S-content:
1. Bitter: contains high amount of Sulfur
2. Sweet: smaller amount of S (more valuable)
e dissolved organic carbons (DOC): remains after
passing through 0.45um filter
e Particulate organic carbons (POC): particulate
matter retained by 0.45um filter
e Total organic carbons (TOC): POC + DOC
e Sources of Carbon: depending on the water
bodies that carries the carbon & Aquafer
1. Allochthonous: from Soil & plants (outside the
aquatic system), in small lakes (streams, lacks)
2. Autochthonous: algea (from aquatic system),
dominant in large lacks & oceans

Total Organic Carbon (mg L™ "

0.3-1000

10 15 20 25 30
Sea water
Ground water
Precipitation
Oligotrophic lake

River

Eutrophic lake

Marsh

§SSSSS Dissolved Organic Carbon

faseen Particulate Organic Carbon
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Average organic carbon concentrations for various systems. the
actual range in TOC substantial & depends on a variety of factors.
Median concentrations of organic carbon (DOC) in aquifers

Sands Oil Shale |

Gravels Humic Colored |

Sandstones Petroleum
Igneous Association

ANTHROPOGENIC CARBON INPUTS
e Pesticides 4dall «lagadl (BOD): Insecticides,
Herbicides, & Fungicides
e Soft Pesticides: organophosphors, have a short
residence time in the environment & highly toxic
e Hard pesticides: organochlorine, persistent in the
env. but have low toxicity in mammalian systems
e Toxicity usually expressed as Lethal Dosage (LDsg)
e Lethal Dosage (LDsg): The amount of chemicals
per unit of body mass required to produce death in
50% of an exposed animal population
» pesticide with LD5o = 10 mg/kg is 10 times more
toxic than a pesticide with LDsoq = 100 mg/kg
This unit of measurement is specific for a
certain animal usually rats & pigs

The lower the LD value, the higher the risk
| Solubility | LDso | logkow logBCF

HCB . 3,500-10,000 5.3 3.5
DDT . 115 3.9-6.2 2.2-4.3
Toxaphene 85 2.9-3.3 1.2-1.6

>
>
|

Dieldrin . 46 5.1-6.2 3.3-4.3
Mirex . 700 5.8 3.9
Malathion 1,375-2,800 2.7 1.0
Parathion 3.6-13 n/a —
Atrazine 1,870-3,080 2.3 0.7

e Factors controlling fate & transport of organic
compound in environment
1. Partitioning of the compound into gaseous
(Vapor pressures VOC), liquid or solid phases
2. The solubility of the compound: Kow is directly
proportional to the adsorption & solubility in
organic compound (& inversely in water)
[Octanol]
v [Water]
Values of K reported as log
3. The degree to which the organic contaminant in
adsorb to mineral or organic matter in soil
4. p of liquid organic compounds relative to water
5. Extentin which compound undergo degradation
(decomposition into CO,, O, & other products)
BIOCONCENTRATION FACTOR (BCF)
e Bioconcentration (Bioaccumulation) factor
(BCF): is the accumulation of a chemical in living
organisms (biota) compared to the concentration in
water, expressed the tendency of organic chemical
in water to concentrate in the fatty tissue
logBF = 0.935xlogXov — 1.495
e Kw a strongly
partitioned into the
fatty tissue
e If logKk = 7-8 or
greater > strongly 2

6 -

|
4

log (BCF)

absorbed to ,

- - T pe———— — T
sediments & unlikely 0 2 4 6 8
to enter living tissue log (Kow
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ENVIRONMENTAL MINERALOGY

REMEDIATION PROCESS

Precipitation of organic matter occurs when there is a

change in the ionic strength (1)

. | are inversely proportional to the solubility

. Occurs where fresh water meets sea water

non polar molecules with low Mw have greatest vapor

pressure & mostly evaporated

e Henry’s law: represent the partition of organic
compound between liquid & vapor

e Henry’s constant (H) is inversely related to the
concentration of volatile liquid in water

_ [invapor] —In[X(]/[X]

" [in water] H;

The dissolved organic carbon is partitioned between the

aqueous phase & the particles C,q5 = Kq4xCyo1n

e  Organic Acid & Base Adsorption inversely related
to pH & degree of dissociation

. Partition of organic chemicals between soil &

water: partition coefficient is normalized to organic

C-content of the soil K,. = (k,x100)/(%0C )

POC: is removed by consumers & decomposers

DOC: is removed by microbial action

Microbial decomposition related to molecule’s size

Microbial Decompaosition

= in aerobic condition: in streams & lakes
(surface water reach in O) produces CO,

- In anaerobic conditions: produces CH,

. Degradation halflife: the time taken for 50% of
organic compound to be degraded

CELIYS Oxidation & Reduction

EXAMPLE if [benzene] in water is 1000ppm & water is
in contact with air, calculate concentration of benzene
in the air in mol/L. (H = 0.22849, Mw = 78g/mol)

Precipitation

Volatilization

Cycles =

i

Sorption &
Partition

Biological
Processes

1mol = —PP™ 1000 1 ol
= — = —=

mot = 000xMw ppm = Zgmo
78LxX

i=—=—— = 0.22849 > X = 2.929x1073
1mol

EXAMPLE how many liters of air must we pass through
system for each liter of contaminated water to reduce
benzene contamination to 10% of its original
concentration in groundwater (H 0.22849, Mw 78g/mol)

—In(0.1/1)

0.22848 107 10l
EXAMPLE If napthalene concentration in groundwater
was 3.2mg/L. Calculate concentration of napthalene
adsorbed on the sedimentary particles. (K = 137 L/KQg)
137L 3.2mg
ads = K_gx I
EXAMPLE If percolation rainwater via soil contains
3ppb DDT. Organic makes up 3% of the soil. Calculate
the amount of DDT absorbed/g of soil. (Log Koc =5.18)
Csomn = 3ppb =3ng/g
Caas = KopcxCyp1, = 1.513x105x3 = 454ug/g

454,0.03 = 13.6ug ~lof soil = 13.6ppm
Half-life in days \

Aerobic decomposition | Anaerobic decomposition

Minimum | Maximum Minimum Maximum
<1 29

Cycles =

= 438ppm

Compound

Cresol
Phenol
NETOQEETE
Benzene
Xylene
Methyl parathion
Aldecarb
Lindane
Dieldrin \
DDT \

ENVIRONMENTALGEOCHEMISTRY

MINERALOGY

e Under certain conditions (redox, pH, dissolved
solids, microbial community) a given mineral may
dissolve, releasing into solution components that
can range from major ions to trace elements

e under a different set of conditions, a given mineral
will crystallize from solution, & in doing so will
remove from solution major or trace components

Class \ Chemical characteristics Examples
EIEICC  Various element combination with boron Borax
[SE I IEWCE  Metals in combination with carbonate Cal,Cerrusite
Halides ‘ AIk_aIi r_netas_l or alkaline earths in Halite_, &
combination with halogens (F, Cl, Br, I) Fluorite
Hydroxide | Metal in combination with OH Brucite
SENMENCIE  Metallic or nonmetallic pure elements Au, C, Ag
Oxides | Metals in combination with oxygen Hematite
Metals in combination with silica SiO,% Quartz
Silicates that forming 3D networks, sheets, chains Forsterite
& isolated tetrahedra Orthoclase
Phosphate \ Elements in combination with PO, Apatite
INFELUECH Elements in combination with AsO,
Vanadate \ Elements in combination with VO, Carnotite
Chromate \ Elements in combination with CrO,
Tungstate \ Elements in combination with WO, Scheelite
Molybdate | Elements in combination with MoO,
Sulfates \ Metals in combination with sulfate SO,2 Barite
Sulfides Metal_s in cor_nbination with reduced S or Pyrite
chemically similar elements (As,Se,Te..) Galena

e Coordination Number (CN): is the packing of
anions around a cation, calculated by radius ratio

RR Ra
— Rc
RR Arrangement Of Anions (Geometry or Shape)
<0.155 Linear
0.155-0.225 Trigonal Planer
0.225-0.414 Tetrahedral
0.414-0.732 Square Planer
0.414-0.732 Octahedral
0.732-1.000 Body-Centered Cube
>1.000 Edge-Centered Cube
o Bragg’s law: for crystal ncidentxsays Diffracted x-1ays
structure, is an angle of e o

incidence & diffraction if
Bragg’s conditions are
met
D = interplanar spacing
e Properties of the silicate crystal classes

SiHe) #shared .
Ratio Bl Corners Sl ‘
Olivine
Melilite 1
Ring 1:3 Beryl 2 SiOsz*
Single Chain 1:3 Augite 2 SiOz*
Double Chain | 1:2.75 | Hornblende 2.5 Si,04,%
Sheet 1:25 Kaolinite 3 Si,0s*
Framework 1:2 K-feldspar 4 SiO,

Nesosilicate .
Sorosilicate

Cyclosilicate

Inosilicate (single chain)
Inosilicate (double chain)

Phyllosilicate
Tektosilicate
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CLAY MINERALS

e Clay mineral: phyllo-or sheet-silicates, fine grained
hydrous silicate composed of layers of tetrahedrally
& octahedrally coordinated cations

e Importance of Clay minerals:

1. High reactive (due to fine grain size): play a
role in adsorption or release of trace metals,
organic compounds, & potential contaminants

2. Paleoclimate: formed by Chemical weathering
(major component of soils) so their composition
reflects environment in which the soil is formed

3. Physically mobile (due to fine grain size):
play a role in transportation of adsorbed
contaminants or plant nutrients

4, Common cement in sed. rocks (illite, smectite)

5. Control rheology & fluid flow (sedimentary
aquifers & hydrocarbons sedimentary basins)

e Structure of clay minerals: sheet of clay minerals
are made of T & O layers that joined to form 2 layers
clays (T-O) or 3-layer clays (T-O-T) or mixture
» T-center occupied by Si & to certain degree Al
» O-layer may be dioctahedral or trioctahedral:

O layers have trivalent (Al) or divalent (Mg) ions

1. Brucite: In order of divalent cations all
positions have to be filled in the forming of
trioctahedral

2. Gibbsite: In the former of dioctahedral only
2 sites have to be filled, with trivalent cation

Octahedral layer Tetrahedral layer

00)"000'!"0

L LI | | [ I )
VIV e ve
@ hionl 0 bgork * Sicon
Mg?* in the O layer is brucite. AR*in the O layer is gibbsite
. . ‘ . . . . . 4 4 4 1S . O
0000(: - AN
': ’//. /z{ \’} | %\ l v T v T v T T
; X _AK 4\- PN IPN PN IPX )
® | KK KK K ;' <
R -] j
/l \ /‘\. ,/A\ ,k ,J \ L\ /k /‘\\ l l l l l l l A R
0000000000009
¢ l | & y L ¢
LI LI ] N | I |
'3 @ ¢ B ®
..,‘. + Silicon [ I L » Sicon

Montmorillonite
2:1,0-layer is a gibbsite layer.
Substitution of Mg for Al in the
only 2 out of 3 O-sites in the O-layer is charge balanced by

O-layer are occupied the addition of Na or Ca cations

e 2 layers clays permit limited substitution for their Si,
& Al in the T-sites; while the 3 layers types are
characterized by extensive substitution, & This
substitution has to be counterbalanced by the
substitution of the interlayer cations

Kaolinite
Each structural unit consists
of a gibbsite layer & T-layer.
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(c) Smectites (e) Ilite
Complex interstratified two-layer and three-layer
] clay mincrals following either a regular or a
random pattern
D. Fibrous Clay Minerals
. palygorskite
( a:;)ns K* (attapuigite)
water sepiolite
/ Vermiculite dioctahedral vermiculite
tnoctahedral vermiculite
Mica dioctahedral illite
muscovite
paragonite
glauconute
Mica tnioctahedral biotite
phlogopite
(d) Vermiculite (f) Chlorite SpRe.
Bnttle mica dioctahedral margarnite
/ tnoctahedral seybertite
xanthophyllite
brandisite
\ Chionte dioctahedral cookeite (7)
Mg* Brucite trioctahedral Fe-rich varicties
thunngite
7 chamosite
Mg-rich varicties
dinochlore
penninite
Kaolinites | lllites Smectites  Vermiculites |
T:0 1.1 2:1 2:1 2:1
(@) \ Di-O Mostly Di-O | Di-O, Tri-O | Mostly Tri-O
Inter-cation | Ni K Ca, Na Mg
Inter layer- ‘ Only in In hydro- Ca 2 layer Ca 2 layer
water halloysite muscovite & Na K layer to nil
Basal Variable 14.4 (as fully
Spacing ‘ 7.1A 10A = 15A hydrated)
Ethylene Taken by 2 glycol 1 glycol
glycol ‘ halloysite No effect layers 17A | layers 14A
CEC* Nil Low High High
(3-15) (10-40) (80-150) (100-150)
Dilute Scarcely Readily Readily
acids soluble attacked Attacked attacked
Heating Unchange No marked Collapse EX.fOI'at'On’
200°C (except change to 10A shrinkage of
halloysite) layer spacing
lllite Montmo-,
Kaolinite Hydro-mica | Beidellite
Examples Dicki_te Phengit_e Nontror_lite Vermiculite
Nacrite Brammalite Hectorite
Halloysite | Glauconite Saponite
Celadonite | Sauconite

C. Mixed-Layer Clays

*CEC: Cation exchange capacity in meq/100g clay
charge J) Ll Wl clay (=23 2ie expansion Jl dsals
Gasaw g interlayer space Jb dla@ ohdll el OS ja Jaal
landslides, liquefaction, Adsorption, & cation exchange

CATION EXC

HANGE

Absorption J ¢l s Adsorptions Absorption J! o= G4

Gaadl Jaly Susy Adsorptio

ADSORPTION

9.9
@ v
a‘a oa‘ c

Molecules adhere

to the

of the phase.

surface

Molecules are
drawn into the

bulk of the phase

N J Wl Gasall mas Je Cuasy
ABSORPTION

e Cation exchange: type of adsorption characterized
by attraction of cations to particle surface

e Adsorption is controlled:
1. Chemical attraction: forms crystal edge bonds

2. Electrostatic attraction:

attracted to charged particle
3. Physical attraction: Weakest, VDWs force

ENVIRONMENTALGEOCHEMISTRY
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e Surface Charge Causes:
1. Substitution in the T- & O-layers
2. Defects or imperfections in the crystal structure
3. Unsatisfied or broken bonds at corners & edges
» The -ve charge in 3 layers clays (2:1) is

developed mainly from the first 2 causes

e Role of broken bonds can be demonstrated in:
1. Decreasing adsorption by decreasing pH
2. Increasing CEC by decreasing grain size

¢ Clay mineral can exchange cation with agueous
phase: This have a significant impact on the
distribution of metals in the environment

e Cation exchange capacity (CEC): varies as a
function of pH, particle size, & types of ions

» CEC is normally measured in meqg/100g
Surface Area of lllite with 2600kg/m3 density Surface Area is
Area of cube | Surface area | inversely related
m?/g to the size of
particles &
directly related to
the cation
exchange &
6x1016 absorptions

e |EP & PZC (effect of pH & absorption)

» isoelectric point (IEP): n pH at which the
surface charge of a particles 0, a solution in
which H & OH sorb to the mineral surface

» point of zero charge(PZC): In natural solutions

with range of ions
pH-Value \ Surface charge

< IEP or PZC +ve (dominated by H) & the particle attract anions

> |EP or PZC -ve (dominated by OH) & the particle attract cation

pH< isoelectric The mineral is an anion exchanger

pH> isoelectric The mineral sorbs cations

Smectite Cao_17(A|,F83+)2(Si3_56A|0_34)Om(OH)z
Kaolin Al,(Si,)O05(0OH), 4 2-4
Humus C20H20045N 2-3 2-3

Allophane SizAl,0g(0OH)g.8H,0 5-6 5

Hematite Fe,03 6-8 4-7

Goethite FeOOH 6-7 6-7

Gibbsite Al(OH);3 9 10

For example if the pH-value for goethite is 5 they attract

+ve charge, & if pH is >7 (e.g. 9) attract -ve charge
pH=5 pH=9

@ © =

Length | cubes

POOPLEOEO®

Goethite ! ! Goethite :
ve+ osSiclay J oY dsamda 4 5 el )l mlai Y A

Jsill s Adsorption sl Leilid & Lass (o A5 cations J)
Adsorption-pH J calltions J and A8l i gy YY)

100

% Adsorbed
w
o
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o&all o8 Anion J! Adsorption &sas (Al je¥) Gl g
100

50

% Adsorbed

4 5 6 7 8 9 10 11 12
pH

e Batch method: used to determine ion exchange

properties, Adsorption isotherm represent partition
of particular species in aqueous-solid phase

e There are 2 models of bathc method, Freundlich

(linear relation), & langmuir (exponential relation)
Freundlich Equation: C,45 = KCY,,
LogC,4s = LogK + nLogCg,p,
QOKCsoln

Lanmuir = ——
1+ KCgypn

,Q: Max soptive capacity

Precipitation —»

Freundlich
Kd

La

<+— Adsorption isotherm

— W1t adsorbed/Wt sorbent »

Species concentration ——— »

Representation of a adsorption isotherm showing distribution
of a species between an agueous phase & a solid (sorbent)

n>1 n=1

n<1

Iog Cads

Iog Csoln

Plot of Iog[C]adsorbed on aparticle (Cads) Versus Iog[c]in water (Csoln)-
Linear plots indicate that the partitioning can be represented
by a Freundlich isotherm. The slope of the line gives the
exponent (n), & the intercept gives the value for log K.
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Adsorption isotherms for sepiolite

Adsorbent dose 10g/L, agitation time 3h, pH 4, & T 22°C. The
Langmuir equation provided the best fit to adsorption isotherms
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EXAMPLE a betch experiment was done to investigate
the adsorption of Ni2* onto kaolin. The experiment was
done at 20°C & 5 pH, & agitation time was 3hr, the
following data were obtained, calculate K & n

Csoin[M@/L] Caas[mg/g] | Csoin[mg/L] | Caas[mg/g] |
4.00

0.10
0.50

0.05

8.00
1.00 10.0
2.00 120 |

1%t stepe: plot Cads — C soln & determine the model

14
12 Linear Relationship = Freyundlich_srodel
10
L8
©
O 6
4
2
0
0 5 10 15 20

C soln

2" step: to find n & K, we need to plot logcads-l0gCsoin
1.5

1
0.5

0

log C ads

-0.5 0.5 1 1.5

-0.5
-1

-1.5
log C soln

3 s1t(§p: intersection between 2 lines = K, & slope =n

»
Prob 7-82 Pl
g -
1.0 y=x+01761 _-°
- "
o s o
> 05 e e
g "',..”
8 o Prob 7-53
o 00 B i y=05014x + 0,175
- e
o -~ i
0.5
o’
1.0
1.2 0.8 04 0.0 04 08 1.2

log Cg)y (Mg LV‘)
K=0.176, & n=1
e Column test method: to determine ion exchange
(Ci-¢) v
¢, M
EXAMPLE 10g montmorillonite are placed in a column
& 100ml of solution, The initial solution had [Zn] 20mg/L
& After passing through the column, the solution had a
[Zn] 14.1mg/L, Calculate the Kgzn
(Ci—Cf)v 20-14.1 100mL
TG M 141 10g

d=

Kg

=4.18mlL/g
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ZEOLITES
Mny[AIx+2ySin-(x+2y)02n] .m HZO

M= Na, K, or other monvalent
D= Mg, Ca, Sr, Ba, or divalent
M & D are the extra-framework exchangable cations
The ratio (Al+Si)/O always = 1:2
AR* substitution for Si** provides the excess charge

e Zeolite: crystalline substance with framework of
linked tetrahedra consisting of 40 atoms, contains
cavities (channels & cages) that occupied by H,O

& extra-framework cations that are exchangable
Mineral Si:(Si+Al)  Voidspace | Free perture size
Erionite 0.75-0.78 3.6§x S.ZAA, 8-ring 1 (001)

) 6.7Ax7.0 A, 12-ring ||(001
diorEnlie ) 0.80-085 2.9Ax5.7A. 8—ring%llés)10))
3.5Ax7.9A, 10-rings||(001)

3.0Ax4.4A, 8-rings

4.2Ax4.4A, 8-rings || (100)

2.8Ax4.8A, 8-rings || (010)

3.3A,8-rings || (001)
3.7A x 4.1A, 8-rings

Clinoptilolite O EoRY) 0.34

Phillipsite 0.54-0.75 0.30

Chabazite 0.59-0.80

Si/Al ratio
Selective for Divalent cations

More negative
charges

Large monovalent Smaller divalent

Favorite cations ions

Li<Na<NH,<K<Rb<Cs Mg < Ca< Sr<Ba

T

Monovalent cations

Charge Fewer negative charges

e

\
N
ue
S

L)

v‘.
i'r ‘i
S/

. —e
- W

\ AN
s
S

TL
L\

»b

mordenite structure down c-axis & obliquely down the c-axis
There are 2 sets of channels, one consisting of 12-membered
rings & the other 8-rings (count T around large & small channels)

e Uses:
1. Treatment nuclear wastewater
2. Treatment of muncipal & industrial wastwaters
3. Remediation of acid mine drainage

4. Soil remediation contaminated with heavy metal
Mineral
Erionite Na,K,Mg,Caz(AlgSizg),0144-56H,0

Mordenite NazKCa,(AlgSis)O96:-8H,0 220
Clinoptilolite (Na,K)(AlsSiz0)05,-20H,0 220
Phillipsite K,(Ca,Na;),(AlgSii0)O0s2-12H,0 450
Chabazite Ca,(Al,Sig)0,4-12H,0 390
Analcime Na;6(Al16Si3,096).16H,0 450
Faujasite Na,oCa;,Mdg(AlgoSii320384).235H,0 360
Ferrierite (Na,K):Mg4Ca(AlsSiz0072)..40H,0 230
Heulandite (Na,K)Ca,(AlySi,;05,).24H,0 320
Laumontite Cay(AlgSii16048).16H,0 430
Natrolite Na;6(Al16Si;,0g0).16H,0 530
Wairakite Cag(Al16Si3,046).16H,0 460

CEC: Theoretical cation-exchange capacity for selected
zeolite minerals (in meqg/100 g)
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ASBESTOS MINERALS

Asbestos: any mineral separate into long flexible
e Resistance to heat, friction, & acid condition
Serpentines (chrysotile), & Amphiboles (amosite,
crocidolite, , anthophylite, actinolite. & tremolite)
- -
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Crystal structure of chrysotile

ashp

Clinoamphibole Structure

1:1 layer consisting of T-layer & The gray areas are the T-chains,
O-layer in which Mg?* are
surrounded by 40H & 20

the cyanide area is the O-layer, &
the filled circles is M4 position

Mineral Formula

Chrysotile Mg;[Si,Os](OH)4 25 | <255
Actinolite Ca,(Mg,Fe?*)s [SigO,,](OH), | 5-6 | 3.0-3.2

Amosite (Fe?*,Mg),[SigO,,](OH), 5.8 | 3.1-3.3

Anthophyllit (Mg,Fe?*),[SigO,,](OH), 5.8 | 2.9-3.1
Crocidolite Na,Fe3*,(Fe,Mg);SigO,,(0OH), 5 3.2-35
Tremolite Ca,;Mgs [SigO,,](OH), 5-6 | 2.9-3.2

e Uses (95% used is chrysotile & 5% amphibole)
is a good spinning fiber & used in the production
of heat-resistant clothing
e has a short residence time in the lung
e contains little (or no) ferrous iron
fireproof clothing, glove, face masks, stage
curtains, & pipe insulation
e has relatively longer residence time in lung
e contain significant amounts of ferrous iron
e exposure to amphibole more significant than
to chrysotile fibers in terms of cell damage
e Health effects of Asbestos exposure:
Asbestosis, Mesothelioma, & Lung cancer
¢ Mechanisms that responsible for cell damage
by asbestos minerals: the body responds to the
introduction of a foreign material by attacking the
material with phagocytic cells that attempt to engulf
& ultimately remove the foreign material. These
cells produce highly reactive compounds (e.g. H,0,
& OH-radicals) that kill foreign microorganisms.
» The production of these short-lived O-species
promoted by the presence of ferrous iron
» The increased production of active O-species
increases inflamation in area of foreign material
& cause DNA damage in surrounding cells
H,O, + Fe2* > 20H + Fe3*
e Factors of impact of asbestos fiber on the lung:
1. Persistence in the lung
2. The presence of ferrous iron in the mineral

Chrysotile

Amphibole

e Respiratory diseases

{ Liquid
associated with R
exposure to silica dust e
1. Silicosis leads to & b .. .
scarring of the lung 5
tissue & a diminution £ ., Cante
in respiratory capacit © |
2. Silicotuberculosis is o
due to a synergistic e
effect of silica, & M ol .
3. Lung cancer Pressure (GPa)

4. Tuberculosis promotes growth of the pathogen
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MINERAL-ORGANISMS INTERACTION

Classification of microorganisms based on the cell type
Procaryotes no nucleus, all types of bacteria
well defined nucleus
Include fungi, protozoa, & algae
Classification of microorganism based on energysource
Use light as source of energy, & inorganic
Photolithotrophs compound as electron donors & carbon
sources (e.h. plants)
Use light as source of energy, & inorganic
ale}(eJo] (s ETalel o] oM compound as electron donors & carbon
sources
Utilize oxidation of inorganic components
Chemolithotroph (Fez*, Mn2*, SZ"_ ) as their energy source
& CO, as the source of carbon
Use organic compounds as both a source
of energy & carbon

e Microorganisms’ role in dissolution &
precipitation of minerals (Mechanisms)
1. Dissolution & release ions by acid & complexing
molecule by auto- or hetero-trophic organisms
2. REDOX reactions promoted by microorganisms
3. Changes in Eh or pH due to the uptake &
release of different compounds or ions
e Examples
» oxidation of organic matter producing carbonic
acid: (CH,O)n > CO, + H,0 + H,CO3
» Production of organic acids which act as ligands
& can form complex metal ions
» Oxidation, in aerobic environments, of Fe2* to
Fe3* leading to precipitation of oxyhydroxides
e Factors that play a role in the rate at which a
mineral dissolves
1. The zeta potential which affects the ability of a
surface to attract charged species
2. The size of the particle (surface/volume ratio)
3. The atomic nature of the mineral surface with
the presence of dislocations & defect structures
increasing the reaction rate
4. The presence of other ions in solution which
may compete for the charged sites on the
mineral surface
5. The attachment of microorganisms which may
act as organic ligands to the mineral’s surface.

Eucaryotes

Chemoorganotroph
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