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*  Moderni metody analyzy polutanti
« cast II — organické polutanty
* Sylabus 2004

Moderni metody nefesi jen momentalni koncentraci polutanti, ale 1 jejich ptivod a dalsi osud,
perzistenci, vlastnosti, efekty, transformace, degradace...

1.Uvod

Specifické problémy moderni environmentalni analyzy (mezinarodni konvence: pozadavky
na analyzy novych typl polutantii, sniZujici se koncentrace, analyzy rezidui, velké mnozstvi
kontrolnich vzorkil, automatizace, pozadavky na komplexni analyzu rizik: propojeni
analytickych informaci s toxikologickymi, vzorkovani a analyza biodostupnych frakci,
biotesty, prinik metod analytickych, biochemickych a molekularné biologickych, poZzadavky
na studium osudu latek, bioticke a abiotické transformace, spektralni a laserové metody.
Koncentrace a vlastnosti kontaminanti, efekty matrice, stabilita vzorkii, nehomogenita.
Naroky na analyzu vzork, Cistota chemikalii, riziko sekundarni kontaminace, zatiZeni
chybami, naklady.

Obecné schéma analytického postupu.

2. Vzorkovani

Ptehled standartnich technik odbéru vzorkl ovzdusi a vod, odbér vzorkl plynne
faze na sorbenty, studium fazové distribuce, vzorkovaci media, aktivni a pasivni
vzorkovace, vyhody a nevyhody, rozsah pouziti — vzorkovani pro ucely studia
osudu latek, dalkového transportu, vlivu starych zatézi, filtrujicich efektq,
transformaci. Membranové techniky. Miniaturni vzorkovace vod. Pritokové
analyzy.Vzorkovani za ucelem studia distribuce, biodostupnosti, bioakumulace
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3. Techniky pripravy environmentalnich vzorku

e Extrakce (automatizovana extrakce — Soxtec, mikrovinna a ultrazvukova extrakce,
superkriticka fluidni extrakce, extrakce na tuhou fazi, mikroextrakce, analyza rovnovazné
plynne faze), Cisténi, frakcionace. Extrakce biodostupné frakce SFE (CO2, vodou za
vysokého tlaku)

* 4, Techniky analytického stanoveni
« Chromatograficke techniky, jejich princip, instrumentace, vyuZiti, interpretace dat.

« HPLC, GC, vybér kolon, fazi, detektorti, GC-GC, LC-GC, kombinovan¢ metody (GC/MS,
MS-MS, LC/MS, LC/NMR)

e 5. Techniky fotochemické

e 6. Techniky molekularné biologické
 ELISA, sekvenace a fragmentace

7. Analyticka data, jejich analyza a interpretace




Navaznost na dalsSi prednasky

Analyticka chemie zivotniho prostiedi
Chromatografické metody I a II (GC, HPLC, GPC, TLC,
elektroforcza)

Hmotnostni spektroskopie

Elektronova spektroskopie

Spravna laboratorni praxe

Chemie zivotniho prostredi Il a IV




Doporucena literatura:

Reeve R.: Introduction to environmental analysis

Fifield F.W., Haines P.J.: Environmental analytical chemistry
Skoog D.A., Leary J.J.: Principles of instrumental analysis
Hewitt C.N.: Instrumental analysis of pollutants

Keith L.H.: Environmental sampling and analysis




Environmentalni védy zahrnuji komplexni studium

prostredi a celou fadu disciplin.

Pro v€tSinu z nich je vSak v jistém stadiu nevyhnutnd chemicka
analyza. Muze se jednat o studium

- urovn¢ zneciSténi ruznych slozek prostiedi

- kvality vody a potravy

- regionalni kontaminace

- ucinnosti remediaci

- dopadu mezinarodnich direktiv na aroven kontaminace

- transportu latek v ruznych prostiedich

- biotickych a abiotickych transformaci

- bioakumulace

- ubytku 0zoOnu v zavislosti na pritomnosti nékterych latek

- vlivu chemickych latek na zivé organismy

- toxickych ucinku chemickych latek v zavislosti na jejich strukture
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Moderni environmentalni analyza vSak prinasi specifické problémy:

- mezinarodni konvence: pozadavky na analyzy novych typu polutanti

- sniZujici se koncentrace: pozadavky na detekCni limity

- star¢ zatéze: analyzy rezidui

- mezinarodni studie: potreba standardizace

- velké mnozstvi kontrolnich vzorku: automatizace

- studium transportu latek: potieba velkoploSneho monitoringu,
pozadavek na vyvoj novych metod vzorkovani

- studium osudu latek:potieba znalosti rovnovahy, distribuce

- chemické a fotochemické reakce: spektralni a laserové metody

- komplexni analyza rizik: propojeni analytickych a toxikologickych
metod, biochemickych a molekularné biologickych




*Persistence increases the relative importance of transport relative to

transformation in controlling a contaminant's fate

atmospheric transport (gas phase, particles, cloud water)

A
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transport by migratory animals
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riverine transport 4}
(dissolved phase, particles) o

anthropogenic transport (products, waste)
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oceanic transport
(dissolved phase, particles)




Pro splnéni tak rozlicnych zadani musi environmentalni chemie
nutn¢ stavét na znalosti fady fyzikalné chemickych vlastnosti,
principu a metod:

- charakter vazeb a jejich energie
- strukturni informace

- rozpustnost, tenze par

- acidobazicke rovnovahy

- oxidoreduk¢ni rovnovahy
- elektrochemicke reakce

- fazove rovnovahy

- distribucni koeficienty

- difGizni charakteristiky

- strukturni informace

- spektralni vlastnosti




Specifické problémy environmentalni analyzy

- Siroky rozsah koncentraci 1 vlastnosti analytu

- monitorovani na hladinach blizkych mezi detekce
(stopove a ultrastopove koncentrace analytu, riziko chyb)

- riziko sekundarni kontaminace

- nehomogenita vzorkul

- nutnost aplikace slozitych metod pro 1zolaci analytu z
matrice

- omezena stabilita analytu a matric

- cena instrumentace, Cistych chemikalii, standardu
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Pro kontrolu chemického znecisténi zivotniho prostredi
je nezbytna kontinualni analyza

- definice problému, co a pro¢ chceme sledovat

- monitorovani s cilem urcit rozsah problému

- nalezeni optimalniho postupu

- vyhodnoceni stavu a prognoza vyvoje

- odhad expozice a posouzeni rizik

- navrh opatfeni

- vytvoreni legislativy pro u¢innou kontrolu

- monitorovani pro zjiSténi ucinnosti opatreni
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Integrated monitoring
of POPs - sampling
sites and sampling
frequency -
Observatory Kosetice -

Ambient air Weekly
Wet deposition Evently
Surface waters Yearly
Sediments Yearly
Soils Yearly
Litter Yearly
Spruce and pine needles Yearly 3
Mosses Yearly
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Annual average atmospheric concentrations of PAHs

(sum of 12) from four European sites 1996-2001




Annual average atmospheric concentrations of PCB (sum
of seven) from four European sites 1996-2001

Sum PCB

28,52,101,118,153,138,180




Regional background observatory Kosetice, 1996 — 2002,
every weeks, 52 samples per year, annual medians of PAHs
[ng-m™]

1996 1997 1998 1999 2000 2001 2002
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Levels of PCBs, HCHs, DTTs, ambient air (g+s) (CZ,
Kosetice, 1996-2002, annual medians) - time trends

—— X PCBs
—— Y HCHs
— — X DDTs
——HCB




Obecné schéma analytickéeho postupu
- odber vzorku - konzervace
- transport
- skladovani
- priprava vzorku - extrakce
- precisténi, odstranéni interferentu
- frakcionace
- zakoncentrovani
- derivatizace
- analyticke stanoveni

- interpretace dat .




Odbeéry ovzdusi
- volné ovzdusi - permanentni plyny
- tekave latky
- pevne castice
- ovzdusSi v mistnostech
- pracovni ovzdusi
- emise

- Imise
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Techniky odbéru ovzdusi

- odber plynné faze do vzorkovnice s pevnym objemem - tekave
(kanystr, vak, plynotésna stfikacka, vyprazdni se do promyvacky)

- absorpce plynu v roztoku (promyvacka, filtr impregnovany
absorpcni kapalinou, je treba kalibrované zarizeni na mereni objemu)

- zachyt plynu na sorbentech (detekéni trubicky s aktivnim uhlim,
silikagelem, polymery, denudery - nezachycuji aerosol)

- vzorkovani pevnych castic (vysokoobjemové vzorkovacCe, odbéroveé
filtry kremenné a polyuretanove, vzorkovani respirabilni frakce < Sum-
kaskadovy a cyklonovy impaktor,univerzalni vzorkovac VAPS)

- pasivni vzorkovace (napln PUF, amberlit, semipermeabilni

membrana, extrakéni disk EMPORE

22




Sampling bulb
with saptum

Evacuated sample
containar

miphing bag

Gas-tight synnge

Gas sampling loop

Figure 6.16 Some examples of the equipment used for gas sampling 23




FILTER PACK

DENUDER #4

DENUDER #3

DENUDER #2

COUPLER { TYPICAL }

DENUDER #1

COUPLER / IMPACTOR
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gure 1. Schematic View of Aonular Denuder Showing Species Collected




Filter

" -

gure 7.1 Schematic of a high-volume sampler with shelter.




Filter and support grid

Removable cassette
containing a filter

Grit pot

Figure 7.2 Schematic of a cyclone elutriator.
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Figure 7.3 Schematic showing the operation of a cascade impactor.
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Vzorkovac VAPS - funkéni schéma
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& Active sampling — cost, training, power, supporting

meteo data
30




& Such techniques provide a cheap and powerful tool for
obtaining detailed spatially resolved and time trend data
relatively cheaply and efficiently.

% A number of exciting developments have been made in this field
in recent years; the utility of passive samplers has been
demonstrated for local, national and regional scale monitoring.
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& The general concepts behind passive air sampling have been
discussed elsewhere (Ockenden ef al., 2001).

& A sorbent/solid phase sampler is used, to which gas phase
POPs can partition (ad-/absorb).

“The mass of chemical on the sampler will increase with
exposure time (kinetic uptake phase), and approach equilibrium.

% The time to equilibrium will vary, depending on the ‘capacity’
of the sampler.

 The rate of supply may be influenced by wind speed,
deployment conditions and compound.
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The advantages/opportunities of passive air samplers are
as follows:

O Low cost

& Excellent opportunities for high spatial and temporal
sampling resolution data

% No power supply needed, easy deployment and little
operator training required
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Their disadvantages/constraints are:

% Current techniques are still ‘semi-quantitative’,
requiring knowledge of the sampling rate (m? air
sampled/day) and the effects of temperature

& Optimisation of sampling requires further study, of the
eftfects of wind speed, temperature

& Sampling is efficient for the gas phase component, but
generally poorer for the particulate phase

& The time to reach gas phase-sampler equilibrium varies
widely between POPs
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The development of passive air samplers for POPs is an
active area of research.

Different designs are being tested/used.

There is no consensus yet as to what is the ‘best
design’; indeed, it is probable that different samplers
will be useful for different purposes (i.e. different time
scales; different compounds).
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The most promising techniques deployed so far are:
Semi-permeable membrane devices (SPMDs)

U, Research has been carried out to ‘calibrate’ them

& SPMDs have been used to show spatial and temporal
trends (Meijer et al., 2003)

& SPMDs have ‘long’ equilibration times (months/years)

“Interpretation of data is complicated by the presence of 2
phases (membrane and triolein) and the ‘weathering’ of the
membrane which can occur over time

& SPMDs are expensive to use and analyse, and the clean-up
and analysis is complicated (Petty et al., 2000)
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Polymer-coated glass (POG) samplers

& This technique is very new, but shows considerable promise
for short- and medium- time resolution deployments (weeks)
(Harner ef al., in press)

XAD resin samplers

& This technique utilises a ‘high capacity’ resin to sample the gas
& phase, and has been deployed on a regional scale study in orth
America (Wania ef al., in press).

&It shows considerable promise as a sampler.

& Potential problems may include ensuring low blanks and
sample clean-up times
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XAD-Resin Based Passive Air Sampling System for POPs

<— 15.5 cm —>

~—_stainless
.................................... steel lid

\ carabine & loop

= resin-filled | utanle
- - stainless steel [N
?\]\' 2 fine mesh

N cylinder

bottom part of __|
stainless steel

shelter @

coarse mesh
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Hexachlorocyclohexanes Across North America

y-HCH
lindane

30

25

20
15
10
I : 0
0 IJE_"' ng/sampler
ng/sampler Rz
® relatively uniform across Canada and ®  large differences across North
America
US
© highest levels in Atlantic Canada ®  highestlevels in Canada Frairies

® low levels in central America
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PUF disk passive air samplers

Mapping POPs in the
Great Lakes Basin

Meteorological Service of Canada (Tom
Harner)

Lancaster University (Kevin Jones)
Health Canada (Jiping Zhu)

3 month integration (started July 2002) (summer, Lake St. Clair
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Passive samEIing

Polyurethane foam (PUF) discs

% The design and analysis is very straightforward; they are

cheap, easy to construct, prepare and analyse (Shoeib and
Harner, 2002)

% Initial studies have characterised their general performance
and sampling rates

%  PUF discs have been used for large-scale spatial mapping
exercises in Canada and Europe

&  Their ideal deployment times are typically weeks/months

41




P POPs in air - spatial mappin
,,.;..?fl‘ ‘“ Y Summer sampling campaign

& Simultaneous passive air

sampling ~ 100 sites

PUF disk 14cm x 1.2cm

N2 / N\
P T

Ethylene Vinyl Acetate coated glass POG (7cm diameter)
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POPs in air - spatial mappin
Spatial Distribution of >, PCBs

Largest bar = 280 ng/sample (Moscow)




POPs in air - spatial mappin
Spatial Distribution of >, PBDEs

Largest bar = 43 ng/sample (Manchester)
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Spatial Distribution of >, PCNs

Largest bar = 33 ng/sample (Poland)
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Summary of results

Compounds Detection Measured Air conc.
limit range [pg/m?]
(ng/sample) (ng/sample)
>PCBs | 0.03-0.64 | 2.5-280 20 - 1700
2. PAHs 0.5 64 -10 400 500 - 61 200
PBDEs 0.06 - 1.5 0.06 — 43 0.5-250
2. PCNs 0.1-1.3 0.03 - 34 0.2-200
HCB 0.13 1.4-9 11-50
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PASAE Programme - CR smd

Brno, region Zlin
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Atmosféricka depozice

- mokra (prenasena na zem srazkami, previada v Cistych
oblastech)

- sucha (sedimentaci velkych cCastic atmosféerickeho prachu
a vlivem znecistujicich plynu, prevlada ve méstech)

Odbeéer atmosférické depozice

- mokra (odbér pouze srazek do automatickych jimacu)

- sucha (funkce koncentrace slozky v ovzdusi a rychlosti
depozice, sberné nadoby)

- soucet mokré a suché atmosfericke depozice (sbernée

nadoby, nalevky)
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Vzorkovani vod
- srazkové - sberne nadoby, nalevky
- pasivni jimace vody z ovzdusi
- povrchove -sklenene vzorkovnice
- podpovrchove - sklenené vzorkovnice plnene
cerpadlem

Vzorky vod jsou nestabilni, vytekavaji, precipituji,
fotochemicky se rozkladaji, mikrobialné degraduji, snadno
se kontaminuiji.

Je treba analyzovat co nejrychleji, konzervovat nebo
sorbovat.
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Passive sampling what 1s it and why?

* Time 1ntegrated accumulative “sorption”
* Non-mechanical

* Can overcome other problems with current
techniques: filtration/volatilization/sorption
losses

* Overcomes detection limit problems
» “Biomimetic"




Assumptions and “Sampling Rates”

Csampler
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SPMD  Huckins.

POCIS Alvarez.

DGT Davidson
& Zhang

SPME  Arthur,
Pawliszyn
et al.

Hydrophobic. Greatest
application since 1990s.

Hydrophilic. Under
development.

Metals. Well developed
gel processing

No extracation or
cleanup! Low
capacity/duration




“Empore®?”

PTFE & silica-bound analytical grade sorbents — can we bring the laboratory to the field?

Elle341 C18 (Lot GBES13)
=Section

1959

F—— ADSORPTION ONTO
CHARCOAL

i
1960

1970
MACRORETICULAR
SILICA-BASED POROUS POLYMERS
CHEMICALLY BONDED
SORBENTS
1986

IMMUNOSORBENTS ———‘JI— RESTRICTED ACCESS
MEDIA
SOLID-PHASE
PARTICLE-LOADED——-4999 MICROEXTRACTION

MEMBRANES |
PARTICLE-EMBEDDED OPEN TUBULAR
GLASS FIBER DISKS TRAPS
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Extraction and Analys1s

UItrasonlc bath

5-15 min

5 min 5mL Acetone
5 min 10mL CgH,g+ C,HgO, N, blowdown
5-20 min

1mL analysed via
LCMS/MS
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Herbicide (low K )*“Sampling Rates”

mC18
@ SDB

Data point from C18 day 1 excluded; means from duplicate samples

)




SPMD - Semipermeable membrane device
- selektivni vzorkovac organickych polutantu
- dialyzni vak nebo membrana, lipidicka naplin
- zalozeno na pruniku latek polopropustnou membranou
- jde o integrativni pasivni vzorkovac
- selektivni pro lipofilni slouceniny
- vzorkuje pouze biodostupnou frakci
- odhad distribuce mezi vodou a vzorkovacem: Kow
- pro vzorkovani vody, vzduchu, pud, kalu
- nevyhoda: vztah mezi celkovym a biodostupnym

mnozstvim polutantu 60




Semipermeable Membrane Device (SPMD)
(designed by Huckins et al.; U.S. Geological Survey)

Thin film of triolein (“lipid phase”)
encolsed in a lay-flat LDPE membrane.

* applicable for sampling of
more hydrophobic POPs
in water and air

*  mimics uptake of dissolved
contaminants by biota
(estimation of bioaccumulation)




Water monitoring using SPMDs




Membrane-enclosed SPME fibre for passive water sampling

o1l spring
(stainless steel)

Membrane

PDMS-coated
SPME fibre

Fluid filling
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MESCO strips and bare silicone rods ...




Comparison of TWA water concentrations

(SPMDs vs. bare SRs)
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To which extent biofouling and precipitation reduce the
membrane permeability of the MESCO strips?

< Evaluation of LDPE dialysates and of PRC elimination!

Where 1s the lower lipophilicity limit for an effective

enrichment of compounds 1n silicone tube/rod
material?

< Non-target analysis of additional rod specimen!

Are the uptake kinetics 1n bare silicone rods flow-rate
dependent (in the tested range of water flow)?

< Additional analysis & statistical evaluation of

data!
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Problem

Can environmental aqueous
concentrations of pollutants
be calculated from the analyte
levels accumulated in an
integrative passive sampler?
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A1ms

* To develop national standard for passive sampling
technology

* To develop low cost design of sampler appropriate for
wide range of analytes

* To produce robust calibrations (with internal
standardisation, and inter-laboratory QC) for a wide range
of priority pollutants:

— priority organic pollutants (polar and non-polar)
— endocrine disruptors

— surfactants

— organo-metallic species

— metals

68




Sampler Non-polar Polar

Receiving phase C18 Empore disc C18 Empore disc
Diffusion limiting membrane low density polyethylene polyethersulfone
Priming of the receiving phase octanol water

Sample analysis GC/MS GC/MS

. < = 2 ,_:f"—i'.,.)'_—‘:f;_', ”_.j,_.f oL
':-_,_‘z- e e e
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Samplers mtegrate poIIuant conceAntratlon over tigne.




Functional principles
of a passive sampler

Diffusional path 0

- |
9 '
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C |
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O I |
5 = |
O C, | i
1
|
|
Water phase Aqueous - Diffusion  pacaiving phase
(Donor phase) diffusional  limiting
P layer membrane
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Three phases of passive sampler
uptake

Cs (t ) =Cy t (qVKSW —Cso ){1 . exp(— lkg}Aa} }

Equilibrium

-
o

Concentration in the sampler
o
(€)]

0.0

t1/2
C,y = constant —
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Calibration of a passive sampler
in a flow-through system

Water
reservoir

Chemicals

in MeOH

e
<
®
q
=
112}
Q
Q.
2]
=
q
1
®
q

Samplers
]

waste
water

Analytes
In MeOH

Peristaltic pump Peristaltic pump

100 pl/min Exposure tank S g




A standardised flow-through
calibration system
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Uptake kinetics
of selected pollutants

Phenanthrene Alachlor
1600 450
i 0
<1400 - _ ‘3‘28
21200 - =
=fon / s W
= ° 20
5 = = 200
= 600~ / = 150
S, = 100
< 200 - S 50
0" | | | == 0. T \ \ ]
0 100 200 300 0 100 200 300 400
Exposure ime (n) Exposure time (h)

Non-polar sampler,

L Polar sampler,
no stirring (*)

surnng at 40 rpm (¢)
M (£)=M,+C Rt

R, = substance specific sampling rate (L/d) 74




Sampling rates of PAHs

Rs [L/d]
o
()]
o
|

Temperature = 11°C

Bl 70 rpm
040 rpm
Bl no sampler stirring




Use of calibration data
: vr”

Calibration conditions should approximate field
conditions unless

Performance Reference Compounds are used

« Use of calibration data for estimating analyte water
concentration in the field is not straightforward.
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Performance reference
compounds

 PRCs are (analytically) non-interfering compounds added
to the sampler prior to exposure.

* The use of PRCs - an 1n situ calibration/recalibration
approach, where the rate of PRC loss during an exposure 1s
related to the target compound uptake.

e This 1s accomplished by measuring PRC loss rates
during calibration studies and field exposures.

* Concept was developed by Huckins, Booij et al. for
SPMDs
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Extraction manifold
used for loading

the sampler with PRCs
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Use of performance reference

cqp‘lpounds

PRC = D,-Biphenyl ® no stirring
( ‘ Temperature = 11°C

40 rpm
08
=06
04 1 |

CSAMDLER(f) = CSAWLER(O) exp(— ket) . .

L

CsampLer(0) 20 C,= 02 ) .

0
0 ‘ | ‘
0 100 200 300

Time (h)
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Correlation between
offload of PRCs and
uptake of target analytes

0.5
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Distinguishing
between the availability and
the activity of organic
chemicals
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Presence | Availability Activity
Total mass | Fraction of Measure that
total mass drives diffusion
and partitioning
How much | How much is How high is the
is there? available diffusive pressure
into other media?
Exhaustive | Depletive Equilibrium
Extraction | Extraction/ Sampling
Sampling Devices
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The presence of contaminants
do not determine risk

Presence:
— What is the total concentration in the soil?
— How much enters the ground water?
— Is the total concentration below a level of x mg/kg?

* Concentrations of PAHs in asphalt are very high,
but these PAHs are generally not available

 Concentrations of phtalates in plastic can be in
the % range, but they are normally not available
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(General view on
(bio)availability

* only a fraction is available
* the remaining fraction is strongly bound
— binding reduces risk

— strongly bound pollution is difficult to
remove
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How to measure
(bio)availability?

many methods and concepts!

1) Determine contaminant uptake or effects

2)

3)

Mild solvent extractions and supercritical
fluid extractions

Depletive sampling: Sorbent particles
are added for the continuous trapping
of available molecules
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Mixing of sorbent particles into soil to

trap available molecules
e.g. Cornelissen et al. 2001

Mix sorbent particles into soil

Available molecules are constantly
trapped by the sorbent particles

Separate sorbent from soil and
measure what is bound to sorbent

This method measures the quantity that can
become available within a given period of time
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Availability can describe the amount
that can be taken up by digestion

Availability can describe the amount
that can be degraded by micro-
organism

Availability can describe the amount
that can be washed out

Availability can not describe diffusion
and partitioning processes
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Activity (a) drives diffusion and
partitioning: HIGH § low

Activity is proportional to Cq...,y gissolved
and to fugacity (f)

Thermodynamic equilibrium:

d = ainterstitial water = a

sediment worm
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Equilibrium Sampling Devices
(Mayer et al., 2003)

Kinetic Intermediate  (Near) Equilibrium (Cmedium = Csampler

I’<sa\mpler. medium

First order, one compartment model

Csampler (t) = Cmediumt—; (1 -e-k‘?t)

ki: uptake rate constant

-
Q
Q.
£
]
n

O

Ko: elimination rate constant

1. Bring (passive) sampler into equilibrium

with surrounding medium (a =a

sampler medium)

2. Measure concentration in sampler

3. Apply conversion factor to determine activity, fugacity
or dissolved concentration
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Measuring activity with
Equilibrium sampling devices

Thermometer ESD

Equilibrium| Stable temperature Stable concentrations

Sampling indication after known in ESD after a known
response time response time

Negligible | Heat capacity of Sorption capacity

impact by | thermometer is kept | of ESD is kept below

sampler below that of the that of sample in order
sample to avoid to avoid depletion.
temperature change.

Response | Thermometer needs to Response time of sampling

time respond faster than | device needs to be shorter

fluctuations to be
measured.

than the fluctuations to be
measured 90




ESD 1n sediment, soil and sludge:
matrix-SPME

(Mayer et al. ES&T, 2000, V34: 5177-5183)

X polymer coated fiber is equilibrated with
sediment =1uL PDMS in 10 mi
sediment

#* Copus IS measured by gas
chromatography
Desorption at 275°C and trapping at 50°C

f=

* ‘ Cdissolved=cpolymerl Kpolymer,w

C /1Z

polymer

polymer

3=

— “polymer’ ~Ypolymer,
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Equilibrium Sampling
in sediment and soil (suspensions)




Injection and
Measurement on GC

kCounts kCounts
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1.25
15 A
o 1.00 -
[0}
5 N 2
8 0.75 - o - 10 -
o (@] (]
S o o
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T
0.5
0.25 -
0.00 A 0.0
kCounts kCounts
é 15.0 -
2 100 A
E 12.5
£ 8 ||g
8 10.0 1 3} S 75
a a
7.5
50 T
50
251 =
0.0 - 0-
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Activity 1in sediment
(Kraay et al, ES&T, 2003, V37: 268-274)

Sediment (Organic Carbon)

Slow Porewater
KOC,rap

Rapid
BCF

Deposit Feeder (lipid)
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Effective concentration for biological

uptake
(Kraaij et al, ES&T, 2003, V37: 268-274)

CB,measured 1000

(mg/kg lipid)
100

10
1

0,1

0,01~
0,01 0,1 1 10 100 1000
Cs,predictedMg/kg lipid)
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» Activity differences indicate the
of diffusion between
for instance sediment - water - air

» Activity measurements can be used
to determine in
heterogeneous multimedia systems such
as soil or sediment

o Activity describe amounts
that are available for.....
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Examples




Strong binding of PAHs to Soot

Danish Example: “Stuck soil”
— Soil with high soot content
— Initial degradation of PAHs

— Degradation stopped before reaching
Danish threshold levels

— Likely reason: remaining PAH
not available to degraders

Important questions:
— Does the remaining PAH represent any risk?

— Can it be made available for the degradation
process?
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PAHSs 1n “stuck” soil

(Denmark)
Presence: high
Availability: low
Activity: low

Characterisation: low risk and
very limited possibilities for
remediation
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PCBs 1n aged sediment from Netherlands

Presence: medium
Availability: medium
Activity: low

Characterisation: No acute
risk,

but slow release possible.
Slow remediation possible.
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Conclusions

Pollution can be characterised based on
presence, availability and activity
- all three parameters can be measured

Presence: how much is there?

Availability: amounts that might lead to risks
and amounts that might be
degraded

Activity: partitioning and diffusive

pressure
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Techniky pripravy environmentalniho vzorku

Cilem je prenos analytu do jiné chemicke faze vhodneée k
analyze, odstranéni interferentu a zakoncentrovani.

Hlavni techniky:

- extrakce rozpoustedlem ( Soxhlet, Soxtec, mikrovinna a
ultrazvukova extrakce, superkriticka fluidni extrakce)

- extrakce a mikroextrakce na pevnou fazi (SPE, SPME)

- separace na semipermeabilni membrané

- analyza rovnovazné plynné faze (head space)

- kolonova kapalinova chromatografie

- gelova permeacni chromatografie
102
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Extraction thimble
containing sample

//'

Heating mantie \

Extraction solvent

Figure 5.1 Schematic of a Soxhlet extraction system.




Figure 4.1 Summary of extraction methods: (a) solvent extraction; (b) solid-phase
extraction — cartridge; (c) solid-phase extraction — disc; (d) head-space analysis; (e) purge
and trap; (f) solid-phase microextraction — direct; (g) solid-phase microextraction — head-

space.




Adsorbent

Figure 4.2 Solid-phase extraction with large sample volumes.




Outline

 Why do we have to study particulate matter (PM)?
Toxicology versus chemical analysis.

 Hot pressurized water fractionation.
« Toxicity assays on PM fractions.
 Chemical characterization of PM fractions.

* Impacts on future work.
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What do we know about particulate matter (PM)?

Epidemiological and Inhalation Studies

* Adverse health effects of PM
* Particle size and chemical composition have impact

* |norganics and nonpolar organics are linked to toxicity

How about polar organics??
Only nitroaromatics have been studied.

Toxicological Studies

* Organic solvent fractionation coupled with /n vifro toxicity

assays ~—

Polar PM Fractions are Toxic




What do we know about PM?

Chemical Characterization of PM

* Inorganics well characterized
* Organics

—  Mainly nonpolar species are identified.
Organic solvent extraction followed by GC/MS analysis.

ADVANTAGE determination of hundreds of organics
DISADVANTAGE  represents only 20%-50% of organic PM

—  Polar organics are present in significant concentrations, but
require specific analytical methods.

They are ignored in toxicological studies.
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Background

Polar species
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Particulate
matter

!

Approach

fractions

In vitro toxicity
- oxidative stress

Fractionation
with
hot pressurized
water

.
.
T

Polar

\4

Nonpolar

- genotoxicity
- cytotoxicity

\ Analysis
GC/MS

ICP/MS
LC/MS
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Why Hot Pressurized Water?

25°C
dielectric constant (&) 80
polarity high
similar organic solvents none
compounds extracted high polarity

(e.g. strong organic acids)

300°C

20

low
methanol, acetonitrile

low polarity
(e.g. PCBs, PAHSs)
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Model PM Samples

 Wood Smoke Particulate Matter (polar)
lignin pyrolysis products
methoxy phenols
methoxy benzoic acids
benzaldehydes

* Diesel Exhaust Particulate Matter (nonpolar)

polycyclic aromatic hydrocarbons (PAHS)
unresolved complex matrix (UCM) =branched alkanes
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Hot Pressurized Water Extracts of Diesel Exhaust PM

IO

il g M o I S0 i) "¢ LS50 " ( LLH L T

FoN . . - |
Lhesel exnouyst sUDCntical water editacas
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In vitro toxicity assays

Oxidative stress of PM

Genotoxicity

Cytotoxicity

Depletion of glutathione (GSH)

Cell lines related to respiration
system - Macrophages

RAW 264.7
Bacterial test SOS Chromotest

Based on the galactosidase
SUUUEEE

Cell viability test (MTT assay)

Mammalian COS cells
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Toxicity of Diesel Exhaust Particulate Matter

Depletion of glutathione (GSH)

IIHIHnme

Genotoxicity

llll'llSOug/mL

Cell viability test

200 pg/mL
- B

78 71 56 44 35 27 20 Dielectric constant, € 116




Diesel Exhaust PM  Toxicity versus Analysis

« Polar 50°C Fraction - cytotoxic and depletes GSH

possibly dicarboxylic acids and aldehydes

« Midpolar Fractions (100°- 200°C) - genotoxic

nitropyrene ( representative of nitro polyaromatics) in 150°-200°C fractions

dinitro- or nitro-, and oxyaromatics in 100°C fraction?

 Nonpolar fractions - cytotoxic and deplete GSH

toxicity of 250°C > 300°C fractions

possibly species other than PAHs (oxy- and nitro- polyaromatics)

117




Toxicity of Wood Smoke Particulate Matter

Cell viability test

100 pug/mL

Depletion of glutathione (GSH)

50 ug/mL

78 71 56 44 35 27 20 Dielectric constan},1 §




Distribution of Organics in Wood Smoke Particulate
Fractions Collected at Different Temperatures

2000 LY —4— Guaiacol derivatives
Acids & Acids ME : L
S ) —=— Syringol derivatives
> 1500 —e— Alcohols/Aldehydes S 6000 yHngora _
- = Other lignin pyrolysis products
L5 —— Phenols 5
© 1000 % 4000
E ©
2 2
W 500 W 2000
0 A 0 A P——ic
25 50 100 150 200 250 300 25 50 100 150 200 250 300
600 —=— OxyPAHSs 600 Guaiacol dimers
- sl o ° —#— Syringol dimers
=) S - .
= 400 = 400 —e— QOther lignin pyrolysis
E, E products
o - o
= : © 'Y
£ 200 % 200 ~—,
L LL
H/\.\
0] 0 0
25 50 100 150 200 250 300 25 50 100 150 200 250 300

Extraction Temperature, °C Extraction Temperature, °C 119




What is the Source of Oxidative Stress in Midpolar Fractions (100°-150°C)?
3-ring PAHs? OxyPAHs? Syringol dimers?

phenanthrene

benzole]pyrene
== pbenzo[a]pyrene Anthraquinone
- 1-methylpyrene Xanthone
o pyrene —— Fluorenone

- Anthrone
o 1,8-dihydroxyanthraquinone
OxyPAHSs 1-hydroxypyrene

9,10-phenanthrenequinone
—— 1-nitropyrene

c
"—.\

% Control MCB Depletion

Concentration, pg/mL Concentration, pg/mL 120




Wood Smoke PM Toxicity versus Analysis

« Both polar and nonpolar fractions - cytotoxic
- deplete glutathione

« Midpolar fractions (150°-250°C) - deplete GSH (more)

oxyPAHs, PAHSs, syringol dimers?

* No genotoxicity - before and after metabolic activation
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Conclusions

» Hot pressurized water can extract organics.

» Significant was found
which are omitted by typical characterization of

particulate matter.

» Hot pressurized water polar and nonpolar

> Water is
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Hot Pressurized Water Extraction Apparatus
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Polarity of Hot Pressurized Water Decreases with Temperature

100
80 374.9 °C
W
- Liquid water
c <
€ 60 :
el
g Supercritical water
= 25°C
®)
= 40
wd
8 L methanol
o) o-nitrotoluene
E — ethanol
2-butanone
20 :/benzaldehyde
“Mmethylamine
— phenol
benzene —t PCBs
{ccl, —} PAHs
0 | I | I I | [ I | | [ I |
0 100 200 300 400 500
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Majority of Extracted Mass from Wood Smoke Particulate Are Organics

Extracted Mass

Carbon
Organic compounds
I (TOCx2.4)
I I 1"

Inorganics are Present in Polar Fraction of Diesel Exhaust Particulate

Organic compounds

(TOCx1.4)
= I | I I I |




Approach:

Evaluate the abilities of water desorption
and mild
(SFE) to predict bioavailability of PAHs from
abandoned manufactured gas plant soils, soots,
and sediments.
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PAHs are regulated on based on their total
concentrations, but earthworm toxicity and
soil PAH concentrations are not necessarily

related. Soil Earthworm Total PAH
Sample Mortality Concentration
mg/Kg
CG-12 100% alive 3800

CG-3 100% dead 4100
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What 1s SFE (Supercritical Fluid

Extraction)?
* High pressure CO, i1s pumped through a sample, and

extracted organics are collected 1n a suitable solvent for
GC analysis.

* Typical SFE conditions:
— 100 to 400 bar (density of ca. 0.4 to 0.9 g/mL)

— 40 to 150 °C
— 1 mL/min with a 1 to 10-gram sample

Why use supercritical carbon dioxide?

1. CO,is a lipophilic solvent much like biological lipids in
polarity

2. PAH solubilities in CO, are proportional to those in

water, but ca. 10¢ higher.
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How do we evaluate “Environmentally-Relevant”
extractions?

>>Compare “selective” SFE extraction methods
[o.

*  Bacterial bioremediation at one field site

*  Earthworm uptake and/or toxicity (Cornell)

*  Long-term water desorption (U. of Texas,

Austin)

>> Seven oil gas and seven coal gas sites.
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Test Case #1: Bioremediation of PAHs

on an MGP Soll

Site: Soccer-sized field, ca. 50 cm deep

Treatment: Bioremediation with tillage and

nutrients for one year.

/A 2 to 6 ring (MW from 128 to 278),
/000 mg/kg

Approach: Compare selective SFE behavior to
remediation progress.
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SFE rates (single condition) mimic

bioremediation
(1 min SFE=10 days bioremediation)
Bioremediation (1 year) SFE (40
min.)
100 f\ 100
o 60 © 60
e | [,/ s/
dJ 40_ wid
g Ll>j 40 / - 1-methylnaphthalene
S 20- °\°207/ phenanthrene
—— fluoranthene
0L | | | 0 / | | benlz[a]anthr?cene
0 100 200 300 400 o - o = n
Bioremediation time (days) SFE time (minutes)

Samples provided by GTl and MidAmerican Energy




SFE rates (single condition) mimic

bioremediation
(1 min SFE=10 days bioremediation)
Bioremediation (1 year) SFE (40 min)
100 —— benzo[e]pyrene 100
benzo[ghi]perylene
80 80
—+total PAHs /r/
2 6o — = 2 60
g 40 / & 40
20 2 ° )
C “// ~—— ! 0 'A‘/” | . . |
0 100 200 300 400 0 10 20 30 40

Bioremediation time (days) SFE time (minutes)




SFE conditions were developed on samples from
the field bioremediation studies described

earlier.

These “magic” conditions were tested with 7 oil
gas and 7 coal gas sites by comparing SFE (120
minutes) and water desorption (120 days)

rates.
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| Samples Used Are from “Real” Sites
Typically Abandoned 50 Years Ago
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Oil gas samples are pure soot, or soot diluted with soil.
Total EPA PAHs: 150 to 40000 mg/kg
Carbon contents from 3 to 87 wt.%

HIGHLY aromatic (poly “chicken wire”’)--very high C/H
ratio and “fixed” carbon.

Coal gas samples are coal tars mixed with soil.
Total EPA PAHs: 300 to 15000 mg/kg
Carbon contents from 3 to 29 wt.%

Carbon type more similar to normal soils (lower C/H
ratio, and “fixed” carbon.
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Minutes of SFE Desorption Mimic Days of Water Desorption

Supercritical CO, Water Desorption

Mass PAH Extracted (mg/Kg)
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Soll

CG15
0G14
CG11
CG12
OG17
OGS

OG18

Earthworm Mortality Depends on Available PAHs
(measured by SFE), Not on Total PAH Concentrations

Total PAH
(ug/g soil)

1020

168
15600
3790
17200
1870

17300

Available
Fraction (SFE)

0.25
0.46
0.06
0.16
0.27
0.41

0.74

Available Total
PAH (ug/g C)

1040
2720
3280
7880
9720
11100

50100

% Mortality




Conclusions

SFE mimicked bioremediation for a one-year field
treatment

— 1 min. SFE = ca. 10 days bioremediation

SFE “mobile PAHs” correlate with water
desorption for 15 o1l and coal gas sites (1 muin.
SFE = ca. 1 day water desorption)

Chemical measures of PAH availability improve
predictions of bioavailability to worms

Mortality was related to “available” PAHs, not
“total” PAHs
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Nejcastéjsi techniky stanoveni organickych latek

v environmentalnich vzorcich jsou chromatograficke:

-GC

- HPLC

- HRGC

- GC-MS, LC-MS
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Chromatografie

je fyzikalni metoda separace, pfi ktereé jsou separované
slouCeniny distribuovany mezi dvema fazemi, z nichz
jedna je stacionarni a druha mobilni.

Chromatograficky proces probiha diky opakované sorpci
a desorpci sloucenin ve vzorku behem kontaktu se
stacionarni fazi.

Separace sloucenin je zpusobena rozdilnosti
distribucnich konstant jednotlivych sloucCenin v daném
separacnim systemu.

Vysledkem tohoto procesu je rozdilna migrace
chromatografovanych sloucenin.

140




Klasifikace chromatografickych technik podie:

- skupenstvi mobilni faze (GC, LC)

- tvaru chromatografického loze (plosne, kolonove)

- polarity chromatografickeho systemu (normalni, reverzni)

- zmeny experimentalnich podminek (izokraticke, gradient)

- separacniho deje (adsorpcni, rozdelovaci, iontoméenicova,
gelova, afinitni)

- pouziti (analyticka, preparativni)
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Plynova chromatografie
- mobilni fazi je plyn (inertni a dostatecné Cisty, napr. He)
- stacionarni fazi je adsorbent s velkym povrchem nebo
kapalina zakotvena na povrchu inertniho nosice
- chromatograficky déj probiha na koloné
(kolony naplriové a kapilarni, ruzného prumeéru)
- naplnové - modifikovana stacionarni faze
- kapilarni kolony - uprava vnitrniho povrchu kremenné
kapilary, deaktivace, chemicka modifikace, smoceni,

Imobilizace, sitovani
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Instrumentace

- zdroj nosneho plynu (tlakove lahve, filtry)
- pneumaticky systém (regulatory tlaku a prutoku)
- injektor (split, splitless, vyhrivani)
- termostat kolony (gradientove programovani teploty)
- detektory - univerzalni a selektivni
- destruktivni a nedestruktivni

- koncentracni a hmotové
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Flow
cantraller Healed

injector / Detector

—

| | "“—h‘_—:T Amplifier

|'

Integrator
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computer

L

S
Gas supply

Analytical
calumn

Figure 4.4 Major components of a gas chromatograph.
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Typy GC detektort

- plamenovy ionizacni FID (horici plaminek, elektrody)

- selektivni na dusik a fosfor NPD (alkalicky kov)

- elektronoveho zachytu ECD (radioaktivni izotop, kolize)
- tepelné vodivostni TCD, katarometr (zhavené viakno)

- plamenovy fotometricky FPD

- atomovy emisni AED

- fotoionizacni PID

- elektricky vodivostni ELCD
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Plamenovy ionizacni detektor
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Detektor zachytu elektroni - koaxialni a asymetrické usporadani

EXIT TUBE

RADIOACTIVE
FOIL

GAS FLOW

B

Schematic diagram of the coaxial cvlinder, A, and the
asymmetric (displaced coaxial cylinder), B, design.




Spojeni GC s jinymi technikami

- GC-MS

- GC-AES

- GC-FTIR

- vicerozmerna chromatografie (GC-GC)

- vicemodalni chromatografie (GC-LC)
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Dvourozmeérna plynova chromatografie

je jeden z nejucinné€jSich nastroju v analyze komplexnich
matric.
Je zalozena na kontinualnim sbéru efluentu z GC kolony a
periodickém nastiiku do druhé kolony odlisnych vlastnosti,
¢imz se zachova separace z prvni kolony a prida nova.
Jadrem systému je rozhrani, které obe kolony spojuje.
Bez n¢j by nemusela zustat zachovana separace z prvni
kolony:
Modulatory - termalni

- kryogenni (chlazeny CO, nebo N,)

- ventilovy
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Vyuziti:

- lepsi separace a citlivost

- vzorky environmentalnich matric
- potraviny, léCiva, kosmetika

- analyza ropy

- odpady a odpadni vody
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Kapalinova chromatografie

- mobilni fazi je kapalina, ¢asto smés ruznych rozpoustédel

- stacionarni fazi je sorbent (nejCasteji chemicky
modifikovany silikagel, alumina, polymer, uhlik)

- chromatograficky déj probiha na koloné

- normalni a reverzni usporadani

- eluce izokraticka nebo gradientova

- zména teploty, tlaku, slozeni mobilni faze
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Instrumentace

- filtrace a odplynéeni mobilni faze

- Cerpadla mobilni faze (regulatory tlaku a prutoku)
- automaticke davkovace a injektory

- termostat kolony

- detektory
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Typy detektoru

- fotometricke (meri se absorbance,UV, DAD)

- luminiscencni (emise svetla pri prechodu molekuly z
excitovaného do zakladniho stavu, fluorescence a
fosforescence)

- elektrochemické (konduktometricke, amperometricke,
coulometricke)

- refraktometricke

- hmotnostnée spektrometricke
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Aplikace kapalinove chromatografie

- podle pouziti - analyticka

- preparativni
- podle faze - normalni

- reverzni

- podle interakci - adsorpcni

- iontove vymeénna (ionexy)

- exkluzni (GPC- separace molekul na

zaklade jejich velikosti a tvaru)

- spojeni s dalsimi technikami - LC-MS
- LC- NMR
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[UPAC numbering and substitution pattern of PCB congeners

Structure

Structure No,

Slructure

Structure

--—D\ﬂcn--l.ﬂ\mh

Monochlorebiphenyls

Tetrachlorobiphenyls

Dichlorobiphenyls
2.2
2,3
2.3
2,4
2.4
2.5

Trichlorobiphenyls
2,23
2,214
2.2'5
2,26
2,3,%
2,34
2,34
2,35
2.3.6
2.34
2,35
2,36
2,44
4.5
2,46
24,5
2,46
23,4
2.5
1,34
3,35
144
34,5
345

Tetracklorobiphenyls

2,233
2,234
2,203,4'
2,2.3,5
2.2:3,5"
2,2:3.6
2,2:3,6'
2,2:4,4'
2,2/4,5
2,2:4,5"
2,2,4,6
2,214,6'

Pentachlorobiphenyls

2,2.3,34
2,23,.8
2,2.3,3,6
22,344
2,2,),4,.5
2,2.3,4,5
2,23,4,6
2,2,3,4,6'
2,2.3,4,3
2,2.3.4,6
2,2.3,5,%
2,1.3,6
2,2.3,5.6'
2,2.3.5.6

Pentachlorobiphenyls

Hexachlorobiphenyls

2.3.314,4'
2,3,34,5
2,3,3145

23,343
23,4455
233,455
2:3,4,5,6'
33445
3.3.4,5.5

Hexachlorobiphenyls

2,2,3,3.4,4
2.2:3,314,5
2,2,3,34,5°

23, 304,6
2,2.3,3:4,6
2,2.3,3.5,5°
2,2,3,35,6
2,213,356
2,253,366
2,2,3,4,45
2,2,3,4,4)5"
2,213,446
2,2,3,4,4,6'
2,2,3,4.5,5°
2,213,456
2,2,3,4,5,6
2,213,456
2,2,3,4,6,6'
2,2.3.4'5.5%
2,213,456
2,2,3,45,6
2,213,456
2,2:3,4,6,6
2,2,3,5,5,6
2,2.3,5,6,6
2,2,4,4,5,5'
2,2,4,4.5,6
2.2,4,4,6,6
23,3445
2,3,314,4,5
2,3,34,46
2,3,314,5,5
2,3,3,4,5,6

2,334,506
2,3.314,5,5
2,3,3.2.5,6
2,334,536
2,3,3,5,56
2,3,4,4'5,6
2,304,455
2,34,4,506
3,344,455

Heptachlorobiphenyls

2,2.3,34,43
2,213,3,446
2,2]3,.34,5,5
2,23,34,56
2,2:3,34,5.6
2,2.3,34.56
2,2:3,3}4,6,6"

2,213,4,45,6'
2,2:3,4,4.506
2,2!3,4,46,6'

Octachlorobiphenyls

2,2:3,314,415,5'
2,2:3,304,4;5,6
2,2:3,318.4,5,6
2,2:3,3'4,4:6,6'
2,2!3,3'4,5,5'6
13,3:4,5,6,6'
34,5.6,6°
,314,5.,5167
,3:5,5.6,6'
4.4.5,5.6
4,4.5,6,6°
2,3,34,45.56

MNonachlorebiphenyls
2,2,3,3:4,4.5,5:6
2,2:3.3.4 45,66
2,2,3,3,4,5,5,6,6
Decachlorobiphenyl
2,2;3,3:4,4.5,5.6.6°

k]
3
3
k]
3
3

2,2,
2,2,
2,2,
2,2,
2,2,
2,2,




Organochlorové pesticidy
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Zaklady hmotnostni spektrometrie

- MS a NMR jsou dve rozhodujici techniky ve strukturni
analyze

- MS ma vyhodu jednoduchého spojeni se separacnimi
technikami

- MS je destruktivni technika, molekuly jsou ionizovany
odtrzenim elektronu (nevratny proces), vznikly
molekularni ion ma hmotnost m a naboj z (méerime
pomer m/z), je nestabilni a dale fragmentuje

- ve spektru sledujeme molekularni ion i fragmenty
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Princip metody

- separace ionizovanych molekul analyzovane latky a
jejich fragmentu podle velikosti poméru m/z (podle
hmotnosti)

- Identifikace na zaklade distribuce hmotnosti
molekulového ionu a vzniklych fragmentu

- techniky - scan

- SIM
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Instrumentace hmotnostni spektrometrie
- iontovy zdroj - pro ionizaci narazem elektronu (tvrda)
- zachytem elektronu (negativni ion)
- chemicka ionizace (ionizuje se ionizacni
medium, napr. methan, mékka technika)
- analyzator - kvadrupolovy
- iontova past (trojrozmérny hyperbolicky Q)
- jednoducha nebo vicenasobna fokusace
- elektrické nebo magnetické pole
- detektor - elektronovy nasobicC

- fotonasobic
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Kvadrupodlovy analyzator (Q)

G 2000 PAUL GATES
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Spojeni MS se separacnimi technikami

- GC muze byt pripojena pfimo,
kapilarni kolona je vedena do iontoveho zdroje

- u LC a CE je treba odstranit nadbytek mobilni faze,
HPLC a MS musi byt spojeno pres interface:
- particle beam (PB,tryskovy separator teézSich molekul)
- thermospray (TSl ionizace pri vyparovani ionu,mékka)
- electrospray (ESI,)

- APCI (ionty z mobilni faze pusobi jako reakcni plyn)
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HPLC-NMR, HPLC-MS, HPLC-NMR-MS

- analyza environmentalnich vzorku s neznamymi polutanty,
bez cilovych sloucenin

- analyza nebezpeénych odpadu a odpadnich vod

- smesi latek s rozdilnou polaritou, koncentraci, tekavosti

- produkty transformaci chemickych, fotochemickych,

mikrobiologickych
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Spojeni HPLC-NMR

vyzaduje - prutokovou celu

- odstraneni nadbytku solventu
Lze pracovat v prutokovém, prave tak jako ve stopped flow médu.
Citlivost NMR je o nekolik fradu nez u MS, ale NMR dava
nenahraditelné informace o strukture latek.

Vyhody

- strukturni informace

- vhodné pro Siroké spektrum analytu (labilni, netékavé, polarni)
- nedestruktivni metoda
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HPLC-MS
- tlak na vyvoj novych systémil rozhrani, tvorby vakua, ionizace
- umoznuje stanoveni molekularni hmotnosti a prvkoveho slozent,

coz neni mozne NMR.
- jedna se o komplementarni metody

HPLC-NMR-MS

efluent se rozdéli: 95% NMR, 5% MS
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Klasicka chemie zahrnuje reakce latek v zdkladnim (nejnizsim) energetickém stavu (S,).
Fotochemie se zabyva reaktivitou stavu o vyssi energii — stavu excitovanych (napft. S,).
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Jablonskiho diagram
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Cesty vedouci ke ztratée excitace
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» 1ime-resolved” experimenty
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Nanosekundova laserova zdableskovd fotolyza: 1 - laser; 2 - opticka clona; 3 - zdroj UV zareni;
4 - kyveta se vzorkem; 5 - monochromator, fotodetektor a osciloskop.
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Pikosekundova laserova zableskova fotolyza: 1 - laser; 2 - opticka clona; 3 - opticka cesta
urcujici zpozdéni pulzu; 4 - kyveta se vzorkem; 5 - monochromator, fotodetektor a osciloskop.
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PAHs in Ambient Air - Kosetice 1988-200; ™ Benzolghilperylene
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