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Original article by
PDr. Garrett Hardin (1968)

TRAGEDY OF
THE COMMONS?
A special inme

State of the Planet, But tragedy of the commons?

«In the issues running from 14 November 2003 to 5 December 2003

«Science offered a comprehensive look at the issues facing Planet Earth
over the next 50 years, in a special four-week "State of the Planet"” series.

eIncluded in the series were eight Viewpoint pieces on topics ranging from
population to energy to fisheries to global change




emicals of Concern

Toxic materials (primarily POPs etc.) |
Oxygen-consuming wastes
Radioactive substances
Disease-causing agents

Thermal pollution
Suspended solids %, —— 3._(“
Dissolved solids == e

Plant nutrients X = =
Acids = eEe
Oil 2 2 |

Basi

entrations, How to Expre

* Air (gaseous): g/m3, mg/m3, ug/m3
» Water (aqueous): mg/L, ug/L, ng/L

* Soil (solid): ng/g, ng/g, pg/g

What about unit conversion to ‘ppm’, ‘ppb’, or ‘ppt’?

1 ppm =1 (mg/m*)/(p,=M/V,)
1 ppm =1 (mg/L)/ p,

.. Basic,
ncentrations, Examples

DDT concentration:
increase of

10 million times ———" —
4 S

> 25 ppm
2 ppm = 2000 ppb

0.5 ppm =500 ppb

0.04 ppm =40 ppb

0.000003 ppm = 0.003 ppb =3 ppt

Copytight © Pearson Educaion, .. publshine s Benjamin Cummings

Environmenta

analtical process (qualitative & quantitative)

@ ‘ Question? ‘

—
‘ Study-design ‘
Iﬁ . Fun!
| Sampling Qeld-work
—
| Clean-up |
—

| Instrumental analysis |

‘—\lf

‘ Data Analysis ‘

'—¢

’ Answer
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sediment core samples
i

iolégical samples for community analysis
e o= ‘\!

B Sampling ! 24

mical analysis = extraction + clean-up + injection ¥

Extraction Clean-up

- solvent extraction = . -
artitioning of a solute between two liquid phases = like dissolves like

octanol=fatty alcohol=
(/—_\) surrogate of fat/lipid

[S1, Phase 2 ' i
Organic | EOIR)
“ Solvent KS..E."P lighter \
Water e
B =S Phase 1 | denser |
C 4
K ¥
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chromatograph|c separatlon
mobile phase (0/544 vs. stationary phase (Hx/u)

aalyte is transported through column
by a gaseous mobile phase (viz. carrier gas)

Fresh solvent

(eluent)

Initial band
with A and B solutes
Column packing
(stationary phase)
suspended in
solvent (mobile phase)
Porous disk

Solventflowing ____ a
out (eluate)
(a) (b]

Figure 23-5

© 2007 W.H. Freeman and Company

B
0 0B QA
0 0 emerges 0 emerges
(e} (d) (e)
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Computer

Detector

Detector
oven

t Column

Carrier

Silicone gasm
rubber
septum

Injector

port Injector

oven
Figure 24-1
Quantitative Chemical Analysis, Seventh Edition

© J007 W, H. Freeman and Company

Column oven
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packed column vs. open tubular column

i Packed column i
Figure 23-19 1. multiple flow paths ***~| I
Quontiatie Chemicalsnalysis SeventhEdon 2. band spreading i i i

f I
§ Special High Temperature
/ Polyimede Coating

Fused Séica

Stbonary Phase with
Engineered Self Cross-inking™
(ESC) Technology

Time —>»

Compared with packed column,
Open tubular column can provide
1. Higher resolution

2. Shorter analysis time

3. Increased sensitivity

4. Lower sample capacity
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st

The more
strongly a solute
is adsorbed, the
slower it travels
through the
column

Solute ions of
opposite charge
are attracted to
stationary phase

by electrostatic
force \Y

One kind of molecule in complex
mixture becomes attached to
molecule that is covalently
bound to stationary phase

All other molecules simply wash
through

Solute
equilibrates solute
between the dissolved
stationary liquid in liquid phase
and the mobile coated
gas phase on surface

Small molecule
penetrate pores I
of particles and L arge
large molecules ® o .— molecules
are excluded | () ®®O® .. excluded
i.e, separates @ @ ~ .
7 L]

molecules by size

Molecular Exclusion Chromatography

Gel Permeation Chromatography
Gel-Filtration Chromatography

antigen

immobilized
antibody

Affinity Chromatography
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various detectors

to be selected considering chemical properties

*Thermal Conductivity Detector (TCD)
*Flame lonization Detector (FID)
*Electron Capture Detector (ECD)
*Nitrogen-Phosphorus Detector (NPD)
*Flame Photometric Detector (FPD)
*Photoionization Detector (PD)
*Sulfur Chemiluminescence Detector (SCD)
*Mass Spectrometric Detector (MSD)
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HRGC-MSD

Analytical Procedure

*Blanks — laboratory and field blanks
*Duplicate samples — Sample splits
— Procedural splits
*Spiked Samples — Percent recovery
— Extraction efficiency
— Chromatography markers
*Blind Samples
*Storage/Fortified Samples
*Round Robin studies
*Certified Reference Materials
*Two analysts conduct same analysis
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Accuracy vs. Precision

Accuracy Precision Accuracy
with Precision

eAccuracy is telling the truth . ..
*Precision is telling the same story over and over again.
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A Generalize : ' Al

Movement of Chemicals Chemical Distribution
B ,—> Atmosphere ﬁ
(Atmosphere)

Volatilization E i Volatilization Chefm}cal Fallout
vaporation emission Washout
Absorption Adsorption - _
A

| Desorptio (Lithosphere)

Dissolutk /ds orption Terrestrial S Rivers Estuaries Oceans
CHEMICAL I ¢ T

] USE |

Sink .
Manufacturing Disposal
Transportation Degradation products
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WATER < dsorption SOIL \\’/4
(Hydrosphere) ' ’
LN Lakes

) .is.tory & Issues

| .C.hemicals

ixing/Transfer Chemical/Physica

Processes Processes
*1930°s: DDT (during WW-II
1950° H ( g ) “Turbulent mixing AIR Vapor adsor?tion/desorption
e . i i : i *Precipitation/scavengin
o pE inamata disease) pdeeenong || (Atmosphere) Do
* 1960’s: PCBs and Cd (Itai-itai disease) “Grataton seting “Gaq ovchange
= 1962:  Silent spring (by Rachel Carson, DDT issue) =~ Raingf;:n"ﬁ s
* 1980°s: Industrial wastes (Metals) (Onsan disease) m J Partigzsd:f;f;:oz ig:rssgﬁ;:;gge) o g{&lﬁ.@
* 1990°s: Dioxins and EDCs Wt TaranE ¢ *Biodegradation
«Mixing (horizon/vertical) *Biotransformation
= 1996:  Our stolen future (by Theo Colborn et al.) ~Eddy ifusion (Hy\«Iiverngﬁere) wAdSOrpion/desorpion
. *Particle aggregation Praciiatianid: .
*2000’s: PBDES (Brominated Flame Retardants) wParcle eting R
*Redox
PFCs (PFOS & PFOA) Particle settling Resuspension *Radioactive decay
Nanoparticles (P, P, 5) Diffusive flux Diffusive flux
i ibioti +Adsorption/desorption
: *Molecular diffusion *Precipitation/dissolution
Pharmaceuticals (antibiotics etc.) ecul | P P
PCP (Personal Care Product) :ng\:vgatlg?g tvection ————| SEDIMENT | :Hgggg exchange
«Sedimentation (Burial) +Radioactive decay

+Biodegradation/transformation
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Definition & Characteristics

Full name Description ) ) )

* PBT Persistent (chemical property) * highly stable and semi-volatile
Bioaccumulative  (biochemical process) « move long distance; long-range transport
Toxic (biological effect) o . )

e persist in the environment; persistence

* TOMP Toxic (biological effect) « pose a risk of causing adverse effects; toxicity
Organic (chemical property) ) ) )
Micro (environmental level) * bioaccumulate through the food web; bioaccumulation
Pollutant (environmental aspect) « used as pesticides or in industry

« EDC Endocrine » or generated unintentionally as byproduct
Disrupting
Chemical

25 26

Viu

Disttibﬁﬁon Coefficients

* Aspect of ‘Partitioning’

Air = Organism vs. Water K,
KO A Or Ky (Atmosphere) KS A = Soil vs. Water K or K,
= Air vs. Water Ky
K K = Air vs. Soil Ka
Water - d O Boc 5| Soil or Sediment
(Hydrosphere) (Lithosphere) * Aspect of ‘Bioaccumulation’
= Organism vs. Water BCF
K or * Organism vs. Water BAF
BCFOV(VB AF) Organism BSAF * Organism vs. Organism BMF
(Biosphere) = Organism vs. Sediment BSAF
BMF
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~ Octanol vs. Water

* Ratio of a chemical's concentration in octanol phase
to its concentration in the aqueous phase of a two-
phase octanol/water system

1-octanol
. . N
* Kow = Coctanol!/ Cater (dimensionless) ol ";%%
« K,,, for POPs ranges between 10- and 107 |
* K,,, describes the lipophilicity of a chemical A R

* K,,, inversely proportional to water solubility
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brganism vs. Water

* Bioconcentration Factor (BCF) is the concentration of
a particular chemical in organism (tissue) per
concentration of chemical in water (at steady-state,
considering only media = viz. water)

* BCF = C,,ganism/ Cater (dimensionless)

* A linear relationship between BCF and K,

(e.g. log BCF=0.79 xlog K, - 0.40)

* BCF is species-specific but comparable bw. species
(e.g. log BCFyy, = 1.001 x log BCF, i, + 043

* BCFs range from 1 to 1000,000

* BCF 1 = water solubility | = lipophilicity 1
= bioaccumulation 7 = biodegradation |
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* Bioaccumulation Factor (BAF) is the concentration of
a particular chemical in organism (tissue) per
concentration of chemical in water (observed in the
environment, considering all uptake pathway

* BAF = C,,ypnism/Cyater (dimensionless) s’

* BMF = (C,,ganism/fiipia) (Caiet/ fiipia) (dlmensmnles )5

* BCF 1 =BAF 1 =BMF { -\"_.

* Biota-Sediment Accumulation Factor (BSAF)

* BSAF = (Corganism/ flipid)/ (Csed/ foc)

e Useful to predict concentrations in organism from
known concentrations in sediment

31

Chemlcal Space Map

\d\gcreasing volatility

Air

MVM 60|

Toxaphene PBDEs

T é Aujignjos Jarem Buisealdap

m
N
(=]
©

Water

U s &b bl O N

0 11 12 13 14 15 16
log Koa

Chemical space map defined by their partitioning properties of
log Kaws 109 Kpa, and log Kg,, at 25°C.
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Increasing water solubility

____POPs
“Chemical Property

2/3 in soils and sediments

. 2/3 in atmosphere
. 2/3 in sea and fresh water

. multimedia chemicals

3
s 2
¥ 1
o —
0 8
x
<l 1 2
S =
< 2
o
[Fst -3
-4

3 4 5 6 7 8 9 10 11 12
log Koa
Increasing hydrophobicity
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Osprey

3.9-74 ng/kgbw/d
Mink (caltd)
<0.75-14 ng/kg bw/d
(caltd)

Predatory fish

= 10-19 ng/kg muscle (caltd)
~50-95 ng/kg whole body (measd)
’\»L. . :

Water \

0.5pg/L " o : e
(caltd) % S~ Small fish

S

R e >5-16 nig/kg muscle
Sediment T e (caltd)
1.95-2.14 mg/g OC ; o
(measd)
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