LECTURE 7:
MAY 15, 2014

ECOSYSTEMS AND MATTER
CYCLING

BIOGEOCHEMICAL CYCLES

Text Reference: Dearden and Mitchell (2012), Ch. 4, pp. 114-135



Outline

o Upcoming:
o May 21 (Wed):
= Field Trip (Atlantic St WWTP)
m (To be confirmed)

o May 22 (Thurs): Chapter 4 ‘
= Midterm exam Ecosystems and Matter Cycling
= Format....
Source: Dearden and Mitchell (2012)
o Today:

o (discussion) de-brief on field trip to
Waterfront and downtown north core

(lecture) biogeochemical cycles

Break (~ 12)

(lecture) biogeochemical cycles
(discussion: return of paper proposals)
(discussion: exam format and length)



Macro / Micro Nutrients

Table 4.1 | Relative Amounts of Chemieal Elements That Make Up-Living Things

Major Macronutrients Relatively Minor Macronutrients Micronutrients
(>1% dry organic weight) (0.2-1% dry organic weight) (<0.2% dry organic weight)
Name of Element Symbol Name of Element Symbol Name of Element Symbol
Carbon C Calcium Ca Aluminum Al
Hydrogen H Chlorine Cl Boron B
Nitrogen N Copper Cu Bromine Br
Oxygen 0 Iron Fe Chromium Cr
Phosphorus P Magnesium Mg Cobalt Co
Potassium K Fluorine E
Sodium Na Gallium Ga
Sulphur S lodine |
Manganese Mn
Molybdenum Mo
Selenium Se
Silicon Si
Strontium Sr
Tin Sn
Titanium Ti
Vanadium %
Zinc Zn

Source: Kupchella and Hyland (1989).

Source: Dearden and Mitchell (2012)



Carbon / Nitrogen Stores &

E— EE——

Atmosphere

Reservoir <

e ——
Ecosphere

Table 4.2 | Approximate Distributions

of Carbon and Nitrogen in Temperate
producers o consumers and Tropical Rain Forests

/ \.‘/ \ Tropical Temperate

()
/L 7 SR f Rain Forest  Rain Forest
Hydrosphere / \ Lithosphere

Reservoir Reservoir Carbon in vegetation 75% 50%
(water) (soil & rocks) o .

Carbon in litter and soil 25% 50%

ﬁ Nitrogen in biomass 50% 6%

Nitrogen in biomass above ground 44% 3%

Figure 4.1 | Each nutrient is stored and released by components
of the Earth's systems. Different nutrients follow slightly different
paths through the systems and are stored and released at differ-
ent rates.

Source: Dearden and Mitchell (2012)



Gaseous Cycles (e.g., Nitrogen,
Carbon)

Have most of their matter in the
atmosphere

Sedimentary Cycles (e.g. Phosphorus,
Sulphur)

Hold most of their matter in the lithosphere;

Atmosphere
Reservoir

e ——
Ecosphere

consumers

producers

Hydrosphere Lithosphere
eservoir Reservoir
Operate more SIOWIy R(water) (soil & rocks)
Elements locked in geological formations ﬁ | i}
for mi I ||OnS Of years Figure 4.1 | Each nutrient is stored and released by components

of the Earth's systems. Different nutrients follow slightly different
paths through the systems and are stored and released at differ-
ent rates.

Source: Dearden and Mitchell (2012)



- Sedimentary Cycles

Phosphorus (P)
Sulphur (S)



Rock Cycle block diagram

N =
o Key Terms:
o weathering;

o erosion & transport;

o sedimentation;

o burial & lithification;

o subduction zone;
o uplift; sl
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o fresh rock to surface

Source: The Geological Society — United Kingdom
http://www.geolsoc.org.uk/ks3/gsl/education/resources/rockcycle.html



Phosphorus (P) — importance of...
B

1. essential for metabolic
energy use, ) PERIODIC TABLE OF THE ELEMENTS

http://www.periodni.com

a |
. notvery common >
- w
sl \ S Lo ROUREAS: | s B Chaloogens element 13 0lA 14 VA 15 VA 16 VIA 17 VIA
H . 13 | L L. Alkaline earth metal [l Halogens element 5
enaency or species 1o ., sl - s
SYMBOL E Lanthanide STANDARD STATE (25 °C; 101 kPa)
Actinide Ne -gas Fe - solid
Store ana re-use o R Mt

ELEMENT NAME

rather than outright
discard,

3. Pis adominant - , sl gkl
‘limiting factor’ in SR e el g e
ecosystems; EE reir N

+. agricultural P S e S S e
productivity relies very =i N O
heavily on external

inputs of P
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10.

Phosphorus Cycle — key terms / concepts

main reservoir is
ROCK;

uplift and weathering =
soil;

uptake by plants, then
—> higher trophic levels;

plant decay / animal
wastes and bones key
return flow of P;

P enters streams &
rivers - lakes &
oceans;

productive estuarine

an d S h al I OW CO aStaI Figure 4.2 | The phosphorus cycle.
zones with high P Source: Dearden and Mitchell (2012)

Bones and teeth

Phosphate rocks ’ !
i and fossil Wastes
bone deposits =

Leaching




Sulphur (S) — importance of...
B

1. like all macro-

nutrients, an essential - PERIODIC TABLE OF THE ELEMENTS
component for life; i osperiodiion

RELATIVE ATOMIC MASS (1) B Vetal L. semimetal [l Nonmetal

PERIOD
—

GROUP IUPAC GROUP CAS B Akali metal [ Chalcogens element 13 A 14 VA 15
13 | i L. Alkaline earth metal [ Halogens element

- - 2 ATOMICNUMBER e L. Transition metals L. Noble gas
2 . a u I I n g CO I I l p O I I e nt SYMBOL Lanthanide STANDARD STATE (25 °C: 101 kPa)
Actinide Ne -gas Fe - solid
Hg - liquid T - synthetic

ELEMENT NAME

of proteins; 3

5. S not often a ‘limiting
factor’ in ecosystems; -

B 4 VB S VB 6

8 11241

LANTHANIDE
(1) Pure App, Chem. 81, No. 11, 21312156 (z009) |1 19891 58 140.12 59 14091/ 60 144.24 |61  (145)| 62 150.36 | 63 151.96 | 64 157.25| 65 158.93| 66 16250 | 67 164.93 | 68 167.26 71 17497
Relative atomic masses are expressed with Lu
five significant figures. For clements that have
no stable nuclides, the value enclosed in LUTETIUM

brackets indicates the mass number of the

longest-lived isotope of the clement. However

three such elements (Th, Paand U) dohavea |89 (227) [90 232.04 [91 231.04 |92 238.03(93 (237)[94 (244)| 95 (243)|96 (247)[97 (247)|98 (251)[99 (252)[100 (257)|101 (258)[102 (259)[103 (262)

characteristic terrestrial isotopic composition,

and for these an atomic weight is tabulated. IL[F
LAWRENCIUM

Source: www.periodni.com-



5.

10.

Sulphur Cycle

— key terms / conce
T

’
| . 4 , = Sulphur dioxide
=~ y —. (S0,)

L
Water (H,0)

also has an ‘atmospheric
component’; thus better recycling
potential (or rates);

S not available in the lithosphere;

more highly dependent on
microbial organisms for
movement in the ‘cycle’ (unlike P)

bacteria transform S into various
forms in the soil;

transformations either under
aerobic or anaerobic conditions
(with or without Oxygen) leading
to:

o H,S (gas) = atmosphere

o ‘sulphate salts’ > remain in the soll

Sulphuric acid
(H2S0,)
i

Ammonia (NH3)

Ammonium sulphate
[(NH4)2S04]

Fog and precipitation
(rain, acid rain, snow)

interaction of S cycle with other
nutrient cycles creates added
complexity (e.g. O, N)

o e.g., SO, formation, acid rain

Source: Dearden and Mitchell (201

Figure 4.3 | The sulphur cycle.



Gaseous Cycles

Nitrogen (N)
Carbon (C)



Nitrogen (N) — importance of...
B

1. essential for life;

» gssentia component of .. pERIODIC TABLE OF THE ELEMENTS

chlorophyll, proteins and it

a -
1 1 . S RELATIVE ATOMIC MASS (1} B Metal L. Semimetal [l Nonmetal
am I n O aC I d S 1 § ' HYDROGEN | GROUP IUPAC GROUP CAS L. Alkali metal [, Chalcogens element 13 0IA 14 1V VIA 17 VIIA
. —_—m— 13 | 1A . Alkaline earth metal [, Halogens element s 7
t h t R ! g2 o L. Transition metals I Noble gas m H
:  atmosphere contains g T h B E‘.'ﬁ ¥
>78% N, gas as well as , S O \ ﬁ
th N f 3 ) ELEMENT NAME -
other gaseous orms Vi —

(e.g, NO, — nitrogren
dioxide, NH; — ammonia)
2 excessive N equates to

many environmental :
issues such as: it

o acid deposition; " k2 «»« '? - i‘_ )_

o 0zone depletion;

o global climate change,;
N accumulation in the

hydrosphere -
“eutrophication”
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Nitrogen Cycle

— key terms / concepts
N

6. N cycles between
atmosphere and
lithosphere; most
iImportantly via
biological activity;

7. most organisms cannot
directly access
atmospheric N (they
need assistance of
nitrogen fixators)

s, Nitrogen Fixation:

o bacteria transform
atmospheric N into
various forms in the soil;

o NH; (ammonia)

o nitrates and ‘ammonia
salts’ NH, * (which are
readily soluble)

Source: Dearden and Mitchell (2012

Figure 4.4 | The nitrogen cycle.



Nitrogen Cycle
— key terms / concepts

o.  Nis quickly depleted in
soil, especially in lands
under cultivation;

10.  farmers ‘rotate’ in crops
like alfalfa and clover,
which can build up
nitrates in solls;

1. early colonizers in
ecological succession
are also key nitrogen
fixator species — to
provide nutrients for
subsequent species

12. Nitrification and
Denitrification:

Source: Dearden and Mitchell (2012

Figure 4.4 | The nitrogen cycle.



Nitrification and Denitrification:

Atmospheric Nitrogen (N,)

e . =2

Plants .
‘W Assimilation

Denitrif

- i Bacteria

| Nitrogen-fixing o s
pacteria nving in o, . -
legume root nodules — ‘\l : Nitrates(NO, )
Decomposers
(aerobic and anaerobic
bacteria and fungi)
: ® Nitrifying
Ammonification Nitrification bacteria

Ammonium To,
S Ry f'a) dwiitestio,)

Nitrogen-fixing
soil bacteria

Nitrifying bacteria




1.

Carbon (C) — importance of.
o

although a small
fraction of the
atmosphere (CO,
<0.03%), it Iis the main
C reservoir available
to biosphere;

building block for all
necessary fats,
proteins and
carbohydrates that are
needed to sustain life;

excessive CO,
equates to global
climate change;

PERIOD

1)

RELATIVE ATOMIC MASS (1) B Vetal B Semimetal [l Nonmetal
GROUP IUPAC GROUP CAS L. Alkali metal L. Chalcogens element 13
— 13 | lliA B Alkaline earth metal I Halogens element
3 ATOMICNUA 10811 I Transition metals I Noble gas
SYMBOL —g Lyntonide STANDARD STATE (25 °C; 101 kPa)
Actinide Ne -gas Fe - solid
Hg - liquid & - synthetic

57-71

Pure Appl. Chem., 81, No. 11, 2131-2156 (2009)
Relative atomic masses are expressed with
five significant figures. For clements that have
no stable nuclides, the value enclosed in
brackets indicates the mass number of the
longest-lived isotope of the clement. However
three such elements (Th, Pa and U) do have a
characteristic terrestrial isotopic composition,
and for these an atomic weight s tabulated.
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Carbon Cycle

— key terms / concepts
ECH

2. photosynthesis: uptake

of CO, from atmosphere
and emit O.;

5. carbon incorporated into
the ‘food chain’
(carbohydrates passed
along)

6. residence times of C in
the biosphere vary:

o old growth forests (100s of
years)

7. respiration by organisms

returns CO, to the
atmosphere

5. decay from dead
organisms releases both
O, and Methane (CH,) —
botﬁ greenhouse gases

Figure 4.7 | The carbon cycle.

Source: Dearden and Mitchell (2012)



Carbon Cycle

— key terms / concepts
EEH

9. residence times of C in
the lithosphere:

o buried organisms in peat
bogs (prior to
decomposing)

o fossil fuels contain millions
of years of photosynthetic
energy - which we are
releasing much more
rapidly than they are being
taken up by oceans and
other ‘sinks’;

Figure 4.7 | The carbon cycle.

Source: Dearden and Mitchell (2012)






Hydrological Cycle — importance of...

1. nhecessary for life;
> humans are 70% H.0;

Table 4.3 | Global Water Storage

s Earthis unique in its reserai il W B
having liquid water o oo By — o7
(un“k_e Mars, V_enus) Ice sheets and glaciers 16,000 years 2.15

4. most is stored in SroundwAter 300-4,600 years 0.62
oceans, Lakes (freshwater) 10-100 years 0.009

5. cycling from these Inland seas, saline lakes 10-100 years 0.008
reservoirs varies Soil moisture S 099
(some residence times Atmosphere I=12 day 0.001
in deep oceans is Rivers and streams 12-20 days 0.0001

30,000 + years; while
atmosphere is 9-12
days)

Source: www.periodni.com-



Hydrological Cycle — key terms / concepts

precipitation
Interception
evaporation

evapotranspiration P

Infiltration (to gdw)

condensation (onto
‘condensation
nuclei’) and forms
clouds

Figure 4.8 | The hydrological cycle. Water moves through the hydrological cycle as a

Interception
by vegetation

Precipitation
on oceans 76%

¥ %a  Evaporation from
/2 vegetation and soil

Transpiration
from vegetation

Evaporation from
lakes, po ds and @

\.; “‘\ &
‘7

ﬁ CEee— - |.| -
- é o~ A———

B

Evaporation
from oceans 86%

»m 5;

liquid, as a vapour, and as snow.

Source: Dearden and Mitchell (2012)



Groundwater Flow — key terms / concepts

** Augment with board sketch **

water table
aquifer
permeability
recharge zone

confined vs
unconfined aquifers

(in confined aquifer)

O O O O O

o piezometric surface

o artesian well

Figure 4.9 | Groundwater flow.

Source: Dearden and Mitchell (2012)



Source: Dearden and Mitchell (2012)
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Figure 4.10 | Average annual rain and snow for Canada (cm). Source: Phillips (1990: 210).

maritime areas wetter — especially West Coast
low precipitation in Prairies
“polar desert”



Table 4.4 | Mean Annual Stream Discharge

Canada is 8% fresh water
lakes:

to the Oceans for Selected Canadian-Rivers

Watershed Discharge

Despite apparent abundance, River Area (km?) — (n°s™)
75% of surface water discharge  saguenay 90,100 1,820
is to Arctic watersheds] while i;ﬂf‘:“;e 122‘;288 ?jgg
90% of the po tion is within o 199,600 2370
300 km of the US bo , Albany 133,900 1,400
Our influence on the il
hydrological cycle and other = 219.600 3.540
biogeochemical cycles to be Columbia (at Washington border) 154,600 2,800
covered next time. ‘+‘ Mackenzie 984,195 10,800

Source: Briggs et al. (1993: 206).

Source: Dearden and Mitchell (2012)



Looking Ahead to the next lectures

May 20: Ecosystems & Material Cycling: Human Activity &
Impacts on Biogeochemical Cycles

Read ahead (Chpt. 4, pp. 114 )

May 21:(Field trip, to be confirmed): Atlantic Street WWTP,
East End and Neebing Spillway

May 22: Mid-term exam (covers to end of Chapter 4)

May 26 & 27: Planning and Management: Adaptive
Management and Impact & Risk Assessment

* Case Study: Skagit Valley Landslide
Read ahead (Chpt. 6, pp. 172 =197)
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