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---------------- Joxicology —————————————-

«Toxicokinetics *Biology
*Physiology eTaxonomy
*Biochemistry *Molecular Toxicology

HAZARDOUS
:(E:rr:\?irrnc:;m/ental Chemistry c H E M I CA I-s

Analytical Chemistry

*Organic Chemistry
Physical Chemistry *Population Ecology
*Chemodynamics *Community Ecology

---------------- Chemodynamics EEEEEEEEEEEEEEs




Science Sci _
NS g ENcience . .
A special series F, .. :-_f. - g .:{J-"‘i:_ : Or|g|na| aI’tIC|e by
R e, N PDr. Garrett Hardin (1968)

B TRAGEDY OF

THE COMMONS?
A special rssue

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.

Included in the series were eight Viewpoint pieces on topics ranging from
population to energy to fisheries to global change
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* 1930’s:
* 1950’s:
* 1960’s:

= 1962:

* 1980’s:
* 1990’s:

= 1996:

» 2000’s:

~ History & Issues

DDT (during WW-I1)

Hg (Minamata disease)

PCBs and Cd (Itai-itai disease)
Silent spring (by Rachel Carson, DDT issue) o
Industrial wastes (Metals) (Onsan disease) | A J
Dioxins and EDCs

Our stolen future (by Theo Colborn et al.)
PBDES (Brominated Flame Retardants)
PFCs (PFOS & PFOA)

Nanoparticles (P, P,:)
Pharmaceuticals (antibiotics etc.)

PCP (Personal Care Product)
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EnvironmentalAnRabdtica

d—

analy‘tical process (qualitative & quantitative

Question?

\—\b

Study-design

\—\I/

Sampling
—

Clean-up

\—\|/

Instrumental analysis

\—w

Data Analysis

\—¢

Answer

Fun!
(ield-work
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mical analysis = extraction + clean-up + injection

Extraction f——> Clean-up > Injection




solvent extraction =
partitioning of a solute between two liquid phases = like dlssolves like

octanol=fatty alcohol=
surrogate of fat/lipid

[S], Phase 2 —
Organic
Vlk SQﬁrent lighter \
Water -
e [51 - - _ Phase 1 denser
& 4
. P



http://www.google.com/imgres?imgurl=http://www.siddhantchemical.com/images/fine/Octanol.jpg&imgrefurl=http://www.siddhantchemical.com/html/finechemical.htm&usg=__mc5XfMPNmg0xjMIKPXz1MYA_z50=&h=135&w=135&sz=8&hl=ko&start=24&sig2=qY_4-HlbWYkz1Du6v3K4Pg&zoom=1&itbs=1&tbnid=d2IpCowHfnGtHM:&tbnh=92&tbnw=92&prev=/images%3Fq%3Doctanol%26start%3D21%26hl%3Dko%26sa%3DN%26rlz%3D1I7ADBR_ko%26ndsp%3D21%26tbs%3Disch:1&ei=S_fbTNvZKoimuAOpw5zFCA

Metal species

Isotopes
“Pb, “*Pb, “'Pb, “"*Pb

Metals in different
oxidation state

Cr{VI)/Cr(lIl), Fe(llIYFe(ll},
Vi W

Complexes ' Organometallic
compounds
CH.Hg", (C.H.),Pb, (CH,),Sn’
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chromatographlc separatlon -
mobile phase (0/&4) vs. stationary phase (HX/M)

Fresh solvent
(eluent)

Initial band /~
with A and B solutes

Column packing
(stationary phase)
suspended in

solvent (mobile phase)

Porous disk

Solvent flowing 0B oA
out (eluate) 0 emerges 0 emerges
(a) (c) (d) (e)

Figure 23-5
Quantitative Chemical Analysis, Seventh Edition
© 2007 W.H.Freeman and Company
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analyte IS transported through column
by a gaseous mobile phase (viz. carrier gas)

Carrier
Silicone 9asin
rubber
septum
) ] —EXit
Injector
port . Computer
Injector Detector
oven Detector
oven
r Column

Column oven

Figure 24-1
Quantitative Chemical Analysis, Seventh Edition

© 2007 W.H.Freeman and Company
12



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

Solute ions of B 9“'& maobile
opposite charge E' anions
are attracted to anion

stationary phase exchange
by electrostatic resin

force

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
adsorbed
on surface

Solute
equilibrates
between the
stationary liquid
and the mobile

s0olute
dissolved

in iquid phase
coated

gas phase on surface

Small molecule
penetrate pores
of particles and
large molecules

are excluded
l.e, separates
molecules by size

large
molecules

Molecular Exclusion Chromatography
el Permeation Chromatography
Gel-Filtration Chromatography

antigen

immaohbilized
antibody

Affinity Chrogaatography
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calibration working range & limit of detection

GC detectors
sensitivities and ranges

AED

TCD

[ _ECD

NPD (N}

[ NPD (P)

FPD (S)

FPD (P)

FTIR

MS (SIM)

MS (Scan) |

10715 g

102 g

10%g
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Acetonitrile

4,5,6

5
Result 3
- - 7
Which one is the best? A s
2 |
.,_}JJL__E_J
5 15 20 25
Tlme[mln}
/ :
I
I 4,7
I
I
I
G 6
° I
Tlme(mln)
70 5 10 15 20
5’3 ’," Time (min)
§ 5
B 3 3 4
7 7
1,2 K F
| IS FTEETE T PR T FEE T FEEEE FEEEE STy 5
0 5 10 15 20 25 30 35 2 m;
Time (min) 1
Methanol _“‘J L—J

0 5 10 15 20 25
Time (min)
Figure 25-26
Quantitative Chemical Analysis, Seventh Edition
© 2007 W.H.Freeman and Company 15
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5 10 15 20 25
Time (min)

Tetrahydrofuran
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Accuracy vs. Precision

Accuracy Precision Accuracy
with Precision

sAccuracy is telling the truth . . .
*Precision is telling the same story over and over again.

17



.!.‘ll_r’ | = .ﬁ...

Movement of Chemicals

AIR

(Atmosphere)

Volatilization Evaporation Volatilization

Absorption Adsorption
WATER Adsorption SOIL
(Hydrosphere) (Lithosphere)
Dissolution /dsorption
CHEMICAL
| USE [
Manufacturing Disposal

Transportation Degradation products

18



| > Atmosphere l

Chemical Fallout
emission Washout

Run-off
- =
Irrigation

19



g 1

inition & Chcjaracteristics

* highly stable and semi-volatile

e move long distance; long-range transport

e persist in the environment; persistence

* pose arisk of causing adverse effects; toxicity

e bioaccumulate through the food web; bioaccumulation
e used as pesticides or in industry

e Or generated unintentionally as byproduct

20



Priority Level-1

. Table 15.2 |

EPAs Priority Level-1 PBTs

PBT Compound Use

Aldrin/Dieldrin crop insecticide (corn, cotton)

Alkyl-lead octane booster in leaded gasoline

Benzo(a)pryene unintentionally produced during combustion

Toxaphene insecticide (livestock and crops)

Chlordane crop insecticide (vegetables, citrus, cotton, potatoes)

DOT crop insecticide (cotton)

Dioxins/Furans unintentionally produced during combustion

Hexachlorobenzene fungicide for seed treatment

Mercury and mercury compounds incineration of medical and municipal waste

Mirex insecticide (termites, fire ants)

Octachlorostyrene produced from carbon electrodes used in electrolytic
process for producing chlorine

PCBs industrial chemical (heat exchange fluid for electrical
transformers, paint and plastic additive)

www.epa.gov/pbt

21



Jtimedi

-

Distrib

ution Coéfficients'""""""-

Koa O Ky

Alr
(Atmosphere)

Water <

Ky 0r K.

‘\iSA

> Soil or Sediment

(Hydrosphere)

(Lithosphere)

o
BCF (BAF)

Organism
(Biosphere)

‘/BS'AF

BMF

22



“Octanol vs. Water

 Ratio of a chemical's concentration in octanol phase
to Its concentration in the agueous phase of a two-
phase octanol/water system

1-octanol

. . R~
e K.y = Coctanat/ Cuvater (dimensionless) g

» K, for POPs ranges between 10-3 and 10’

» K, describes the lipophilicity of a chemical A R

» K,,, Inversely proportional to water solubility

23



Organism 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 = Cyyanism! Cwater (dimensionless)
* A linear relationship between BCF and K,
(e.g. log BCF=0.79 x log K, - 0.40)
* BCF is species-specific but comparable bw. species
(e.9. log BCFgq, = 1.001 x log BCF gy, pnia + 043
 BCFs range from 1 to 1000,000
 BCF 7 = water solubility | = lipophilicity 7
= bioaccumulation 1 = biodegradation |

24



* 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 pathways)__ s ==

* BAF = Cypoanism/Cuacer (dimensionless) 49 P

* BMF = (Corganism fiipia)/ ( Caiet! fiipia) (dimensio\ril\es )57

* BCF 1 = BAF 1 =BMF 1 <

 Biota-Sediment Accumulation Factor (BSAF)

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

 Useful to predict concentrations in organism from
known concentrations in sediment

25



Chemlcal Space I\/Iap

3
\dgcreasing volatility
/00 > Ao - 2
: 4 S
Alr -, g rl
J\\ (%))
9 5 e
(@]
HCB PCBs SOII 3 L1 6
chlordanes § ) «Q
o 0
c --3 =
=
g 14
PBDEs “y™~@ | .5
“BDE-209
6
Water \
|\| T '7

10 11 12 13 14 15 16
log Ko,

Chemical space map defined by their partitioning properties of
log Ky 109 Koa, @nd log Kg,, at 25°C.
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Osprey

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

Predatory fish
T 10-19 ng/kg muscle (caltd)
PN \50 95 ng/kg whole body (measd)
Water ......................... LN o
0.5 pg/ * ....... '
ORI Sl N Sman f|sh
............. 4—<‘"“':Tff:1:'>5 16. ng/kg muscle
Sediment e *“« (Caltd)
1.95-2.14 mg/g OC i

(measd)

27



Maximum Allowable, |
In Sediment
*SQG = Sediment Quality Guideline

oncentration

v SQG = [Chemical-Diet];,;; / BSAF

v' BSAF = [Chemical-Diet],;;,s / [Chemical-Sediment]
v [CAD];ipig = [Chemical]p, / lipid content

v" Sediment oc = [Chemical],., / sediment OC

v' OC = Organic carbon (mg/kg)

» SQG =0.014 ng TEQ/g OC
» BSAF (Sediment to Fish) = 0.32
» Lipid Content of Diet = 15%

28



s

nvironmental Exposure
(conceptual)

Exposure

Movement of
Pollutants

T

Source

soll & sediment

Environment
29

Effect




e

oxicology: Routes of Exposure

exposure | potential  applied | internal biologically
dose dose dose effective dose
Organ
Effect
IIIIIIIIIII > IIIIIIIIIII>
Route Intake Uptake
dermal : skin
respiratory mouth/nose lung Hazard

oral mouth gut

30



Water: surface
and groundwater Air

Medical facilities Agri:ultﬁre: crops,
and public spaces rangeland, feedlots Soil

g >
=4 P Small fish
5 g i
s & 22
5 s ol
Jj) A
... Zooplankton, .

iy
g
29 ang harvesting

DDT concentration
(parts per million)

2 ppm

0.5 ppm

0.04 ppm

0.000003 ppm

Humans
Genes, womb,
breast milk
i .
J)’ Non-human biota
Water
31

Human fetuses and babies




oxicology: Impo rtant Terms!

o Toxicity:
The adverse effects that
a chemical may produce

* Dose:
The amount of a
chemical that gains
access to the body

32



e

m ol0 rtant Terms!"

oxicology: |

e EXposure:
Contact providing
opportunity of obtaining a
poisonous dose

e Hazard:
A likelihood that the
toxicity will be expressed
viz. hazardous chemicals =
potential toxic chemicals

33 www .ohmygoodness.com



—

Dose-Response Curve

o
O
|

Linear dose-response curve

50 4 —mm—mmmm e

Threshold

Low
/ Dose \

Threshold LD,
(dose at which response begins) 5, (dose lethal to 50% of test animals)

o

Percentage of test population killed by dose




e

dbiotic Interaction with Ecosy

Sub-organismal

\
\
\

species: a group of organisms capable of
interbreeding and producing fertile offspring

— Jiavianal

\
\
\
\

- population: all the organisms that both belong to the
POpU Iatl on same species and live in the same geographical area

Intreduction community: a group of interacting
of Xxenobliotics organisms sharing a populated environment

ecosystem: a biological community
and its physical environment

35



Xenobiotic vs. Toxicity

Stress proteins

Population density

Metabolic indicators
Acetylcholinesterase inhibition
Adenyl energy charge

Metallothionen production
Immuno suppression

Introduction of
xenobiotic

Enzyme induction
Glutathione S Transferase
Mixed Functional Oxidases

Hydrolases
DNA/RNA repair mechanisms

Physiology, Behavior
Chromosome damage
Lesions, Necrosis
Tumors
Teratogenic effects
Behavior, Mortality

36

Productivity
Mating success
Fecundity

Genetic alterations
Competitive alterations

Ecosystem
effect

Community structure
Diversity
Energy transfer
Stability
Succession
Chemical parameters




s—_——

urJStéps in Risk Assessment

Hazard s Dose-Response
Identification Assessment

air

Human Risk

Ecosystem food

water

Characterization

soll & sediment

Exposure
Assessment

37



grated Risk Assessment (IR

Stakeholder Participation

Risk Management

INTEGRATED RISK ASSESSMENT

Problem Formulation
With Hazard ldentification

Exposure Effect
EXposure  characteri- Characteri- D0S€-Respon
Assessment zation zation Assessment

Risk Characterization

S€

38



p—

SSESS

=

ment & Risk Managem

Scientific results and
measurement of
probability

Risk
Assessment

Political, social,
economic, and ethical
considerations

Risk

Scientific data on

Toxicity
ideﬂﬁfziggtjion character-
ization

Extent of
exposure

Management

Information, opinion,
and lobbying from

Industry and Nonprofit
manufact- interest
uring groups

Private
citizens

39
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Effect-Directed ARalysi

Effect-directed identification of toxicants

\

biological
analysis

confirmation

/ fractionation / blolog}cal
analysis

Hecker and Hollert, 2009. Enwiron. Sci. Pollut. Res. 16, 607-613



AOP concept

Application of Research to
Levels of Organization Based
on Source to Outcome

Source

Community

Environmental
Contaminant

T Population
Exposure Individual
KeyEvent  Cellular Effects i_ . _A_O_ﬁ__o__l_ _I;HI:_I__?__i _____________ E
— |« £XI/DNA $FEHE
Toxicity Pathway i WA, =T =FENX| 2] i

g W
Mode of Action ~ TTTTTTTTTITTTTTTmTommmmmmmeees

Adverse Outcome Pathway

Source to Outcome Pathway

Perkins 2011 Mixtures ard Cumulative Risk Assessment



-5||ot£° = A
o T 1T =
* Predater ZtA 2 QI3 Prey %] HEt

dEfA 20 =

________________________________________________

________________________________________________

i « HAB 1} 0j| A M=l domoic acid |
e AESETYIAES Y45l 217 |
i =P L] |
: f" ;I"I:O_‘“ ;'TE—II_H = 12 MAl ! \c Marine m':limmals ‘f'd
! — = I onsume sardines, an
! : OI'I cEmTTheE EL I i | r domoic acid enters the

_______________________________________________ brain. Primary target:

the hippocampus
- LYELE KLY S U= domoic \ D

Ecosystem is affected by
decrease in predator density

and subsequent effects on
prey communities

acid 7} k|2 S0 7} glutamate
receptor 2 AESI0| ME L4 OF7|
WA +==0M ST O (=, et
ZHzh ARAL), HIZIZEA (U A ZHOH), XA}
52| A LIEHE.

AOP concept

Villeneuve and Garcia-Reyero 2011 ET&C 30 1-8
Watanabe et al 2011 £¥&C 30 9-21

1) Domoic acid
binds glutamate
receptors in brain

2)  2) Overexcitation
leads to cell

3) Neuronal
death in
hippocampus

Individual behavior is
impeded (e.g., seizures,
disorientation),

fitness decreases

(e.g., reproduction),
anﬁ death may result

Rl

Population of marine
mammals decreases in
abundance and density



ntegrate

Integrated Approach — Activity Summary >

- grain size

Slze sediment
e property
I
- SEM/AVS metal
- Metals analysis
organic
analysis

Chemistry
data

POPs
EDCs

Triad

(integration)

SERINENIE —>(  pioassay
(assessment)

f

Korean

-

(Mass Balance

TIE
Analysis)

benthic " Species
mmuni - density
e unity /2 biomass

|
- sea urchin
- microtox
- amphipod

in Vitro - H4lIE-luc
. - MVLN
bioassay _RLT 20
- PLHC-1

Tox/Ecology
Data

in vivo

/—C Triad

* practiced since 1996
» samples: >1,000

research items
1) chemical analysis
2) bioassay response
3) benthic community

Integrated
} assessment {

e s <

y

TIE h

* highlighted since 1998
* samples: >200

main subjects
1) organic analysis
2) in vitro bioassay
3) mass balance

43

=10A10)

Assessment

A

Chemical
analyses

Community
structure

\ .
| Bioassays

@l directed
Analyses

{
|
|
|

© -

Identification of the contaminants
responsible for the effects




In vitro response (%-TCDD,,,)

140

120 -

100 1

80 1

60 1

40 -

20 1

@ Slightly and moderately weathered

Potential Toxic Effects of
Oil-contaminated Sediments

o <
O Most weathered ‘. °
e o
More toxic? —>/OO 7]
O/ [0) /‘
/ ;@
/ /
[ /
| /
,’ ,%_ Dose-dependent
/€ 7 increase
) /
| /
P o { 0
MR L
1 3 4

> PAHs (Iog ng g+ dry weight)

Visual Sign of Recovery
in Benthic Community Responses
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owards integrated sediment assessment

/’ —~

( Chemistry * Toxicology )

Ecology
I Community indices I
Glstrumental analyses using \ r Bioassays usinq\
LC (PFCs, Hormones) _— Dioxin-like activities (HII4E-luc)
GC (PAHSs, APs, BPA) Estrogenicity (MVLN)
HRGC (PCDD/DFs, co-PCBs, PBDES) > Steroidogenesis (H295R)
CIC (Total F) Mutagenicity (Mutatox®)
ICP-MS (metals) < Other in vivo studies

Qynchrotron (organics or metals) (microorganism, fish, bivalve etc.)/

Natural
Science

Policy
ie

G COOperation



Thank

Enjoy the, s

.




	슬라이드 번호 1
	슬라이드 번호 2
	슬라이드 번호 3
	슬라이드 번호 4
	슬라이드 번호 5
	슬라이드 번호 6
	슬라이드 번호 7
	슬라이드 번호 8
	슬라이드 번호 9
	슬라이드 번호 10
	슬라이드 번호 11
	슬라이드 번호 12
	슬라이드 번호 13
	슬라이드 번호 14
	슬라이드 번호 15
	슬라이드 번호 16
	슬라이드 번호 17
	슬라이드 번호 18
	슬라이드 번호 19
	슬라이드 번호 20
	슬라이드 번호 21
	슬라이드 번호 22
	슬라이드 번호 23
	슬라이드 번호 24
	슬라이드 번호 25
	슬라이드 번호 26
	슬라이드 번호 27
	슬라이드 번호 28
	슬라이드 번호 29
	슬라이드 번호 30
	슬라이드 번호 31
	슬라이드 번호 32
	슬라이드 번호 33
	슬라이드 번호 34
	슬라이드 번호 35
	슬라이드 번호 36
	슬라이드 번호 37
	슬라이드 번호 38
	슬라이드 번호 39
	Effect-Directed Analysis
	Adverse Outcome Pathways
	Adverse Outcome Pathways
	슬라이드 번호 43
	슬라이드 번호 44
	슬라이드 번호 45
	슬라이드 번호 46

