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HRTIEEESE R ETE - BOIRRE S BB - IR E A R
F LR - RN LR E R EAEmEE )T - BIRGE - RRRE
AVEHE ~ AR DTE - B EREEISE - ASRIE 2 ETHE DL problem based
learning (PBL) Fs i » {HERIG S 3( L AR B o0 B T Bh 22 Bl R R Y AR

DEVELOPMENT OF A MASTER OF CHEMISTRY IN ENVIRONMENTAL FORENSICS
EX m \: A COLLABORATION BETWEEN OREBRO UNIVERSITY AND INDUSTRY
'/’/r, o
7 UNN Lotta SARTZ and Ingrid ERICSON JOGSTEN roeespsscermes

Orebro University, School of Science and Technology, MTM Research Centre, 701 82 Orebro, Sweden ™ ™**
Introduction Active learning
A Master of Chemistry in Environmental Forensics is being developed at Orebro Using active learning/problem based learning, relevant case studies and problems
University in close collaboration with industry. We want to educate skilled will be used. Close to Orebro is Kvarntorpshégen, a waste pile that contains organic
chemists who possesses not only scientific skills but also transferable skills, such and inorganic contaminants, a very complex legislation situation and the site being a
as communication, team workmg skills, time and information future i | threat. It will be used as a case, amongst others, for various
solving op ded d learning and efficient information open-ended problems. This will encourage the students to reflect on their own
retrieval, i.e. a preparedness to deal with changes in working life. learning process and give them a context for the problem at hand.

Outline of the program
The program will include the following courses (total 120 credits):

* Toxicology—
mechanisms

Course Credits effects
The transport of pollutantsin soil, water and air 15 £ Effects on humans,
and sl 15 animals, biota
ics and i 8! 7.5
Global sustain: able developmenl 7.5
Advanced analytical methods in environmental forensics 15
Advanced statistics, Chemometrics 75
and Project 75
Independent project, Chemistry 45

Students will then be able to create a conceptual model for distribution and
pathways of different pollutants, have a deep understanding on their effects on
humans and biota, how to sample and analyse samples in different matrixes as
well as how a polluted site or chemical is classified or environmentally
regulated.

Contact details: lotta.sartz@oru.se, ingrid.ericson@oru.se ‘
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Experts in
Environmental Litigation

Marc McAree

Partner, t of Upper Canada

Willms & Shier Environmental Lawyers LLP
www.willmsshier.com
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(Dertirsitd  Source Identification of Diesel Fuels Using Diagnostic Ratios of Source-specific Marker £ Z%mams
Compounds with Principal Component Analysis
Suh-Huey Wu'*, Mei-Hua Chen', Jou-Ting Wang!, I- Sha Tsai', Ching-Jen Ho?, Chih-Wei Chang?, Huifen Pai? , Wei-Nung Hung®

Result and Discussion (1) Result and Di
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Experiment (I)
® Sampling

peg e A 5 3 5
k. 1L o S 136

B GOMS analysis
v

inguishing B2 diesel and
essfully applied to the oil

fate selection of DR, this proposed DR-PCA approach could
of diesel products from different refinery plants in Taiwan.
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T~ 8 BRI R PIAY LNAPL #ETTERER (18] 6-1) - AGHETTHRE 34T ~ GC/MS
387~ K GC/MS SIM AEVHERE 1 o WFE4SE SR EENIH N 2 LNAPL B2 1- 8%
mn P Z iR S LY B K B R A H RS Chrislensen-Larsen B (& 6-2)
BLEYIFERE(E 6-3)F i Rair » R TR HIR R I EAR B RS
HIFE - WFTEURINEE R & G 58 LNAPL AVRSEhRE ST -

5 A N KSR LR S R A N KT 43 By R AE (dissolvable) BIERE &M

(immiscible) WIARSH » WM S E ity - 2 BRI, - T3EEK -

{BEEA ~ 4 T/KHE ~ FRE N DB ROV EMATR S  JRRAM 54 LURRETETE »

— 5% B NAPL (Non AqueousPhase Liquid @ FE/KAEIRRE ) » 5 B st /KA HERR &
{E&) - Eh/KERHIFE B INAPL (Light NAPL) » bb7KEEF9 % DNAPL (Dense NAPL) e

5F 10 EL/KEERY By LNAPL » 5 RORSS0H ~ W - SEmEeRimE - Rt FKriE% » 55

LNAPL » PRI BE /K8 Al @ B 82 i i /K A7 2 b > 2 3 3 /K A T R R [ 4

5F 2 ¢ Eb/KEERY R DNAPL » & RV =825 (TCE) ~ IWR LM (PCB) HE&EAHAH -

% s DNAPL » [(RIELER/KEE » HIErZeidith N KA A RIS /KIE » &R T -
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6-2 Chrislensen-Larsen f&Ez{
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sl FE b AR R R - 12 (1) B RMEREE sy - K
SRR R R A 2 A R et S T E R T ER
b BFEER GCxGC-HRT 73 o s &+ BEEYIR A Y 5 44 b ~ EH
RABRTIMEE ik 7 T0AY GCxGC-Q-TOF s AR ftg iR s -~ DUK S FH#EE)
PREREL GCxGC-TORMS #Ef T/ K BRI FEIEE R 7T 3 % - () FEL&YE L
Zotreid T - SRS UEY) - /K5t H 2 Fr e baYE Z ot~ (A
4t (2D) B E L EYEI i1 Z 5717 ( Compound-Specific Isotope Analysis,CSIA)

BRETART A K BT ~ AR E LSRR S riRe SRR
AR e i DURAE W5 FA03 T 7K o 2 A S IR e ik EI A Z T E
WREEER TR - RSB FKIRET - DU ARE R (E)
FZ AR EAYT -

+ 2 AHRE S5 % APPLICATION OF COMPREHENSIVE TWODIMENSIONAL GAS
CHROMATOGRAPHY WITH TIME-OF-FLIGHT MASS SPECTROMETRY (GCxGCTOEMS) FOR
OIL SPILL ENVIRONMENTAL FORENSICS (#lf& 7) » GC-FID 5, GC-MS RyiaLH
PR — 4R el 70k (BT S Z AT FE A PR > ¥717% UCMs (unresolved
complex mixtures) s A5 R IRAEE - FIATH R 3T - AE AR o EEa e o -
FEEHIPHRIR S » AT - HFR H aAE i - (EER AT RS R L R A
ORERfr - oI R R (A RIS M S B A A T 04 - PSRRI S
FEHEII IS8 GCXGC-TOFMS £iifa - WAV E s A HC GC T EYIERE Y
PTRERSEE A - IR A R T AT IR - T BRE BT
{PRAFEREE ~ BERSaRTE AT ELREHERE (IR ) S H 04T - BFSTER gt 2
SHIFURER AR 4 SHSA L > BRI IRIT ~ BRESERIEIAT ~ RAERE (FEME
I3t ) MR ik an < EVIHEIR Z 154 » 5991 TR BRI IREE# 8 &HIFUHtR
it GCxGC-TOFMS i1 GC-MS [&[zE » H&ERER A e EREHIL - EHE
B R AL ZREUT AT ~ EVHERR ~ RO R B THACE - (A& 7 FR) o
BIFEEE SR > B2 GC-MS 2 ¥ » GCxGC-TOFMS EAHE T EERETT - X
K554 coelution IS - FrRIZAEFERI LS (BIANE0H) ~ (R AEDITEE
Beon R T IEAEEY) - GCxGC-TOFMS S fin s DI FHH ) 5 4%
R ZE D] o S ATEEREUR - HATRIZP AT LAY GCxGC o irfeils R A PE - iz
#E— B HI S A AT O EACRR M REY 10 (HFHkmEE 578 B ZERYH
B TR L Z GOxCC o ffrisetfr B A EBese - o ArsS REUR > HlY GC/MS
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B3 GCxGC fEasEBERYERME > NIt ATt RV E L E A= R
ATsEOf e PERTEL > M B AT BIE oy 2ERr I 2 [R HAR - HaE Rt 1)
FY GCxGC S ATty 2 AT -

i Wkpsy
LAEEAVA

PREETHRRRBRER

1979

T REATRTFRR

Industrial Technology
Research Institute

* Presenting Author: Telephone:

Abstract

One-imensional gas chromatography method such a5 GCFID or GEMS for the
analyss of sampies. resclution and peak capacity has s fimits; especialy for the
unresolved complex mintures (UCMs). For example, the co-elution phenomenon has
occurred during the oll analysis resolution separation process. Two-dimensionsl g3s
chromatography technique is proposed by using the two different polar or property
columns to overcome the co-elution problem. This project i to establish 30d develop
the comprehensive GC<GC-TOFMS techniques and employ mass spectrometer assist
GC for forentic anabysis of biomarkers and theic forensic appliable feasibibty
imvestigation

Applied 2 imported samples of crude ofl and 4 diesel samples 1o stablish analyticol
conditions, instrument lnear analysis, and precision (reproducibity analysis). The
biomarker fingerprint and TIC of crude oll and dsel fuel have established in this
Stody.  The GCGC-TOFMS i pollution forensic applcability. investigation has
completed by calculate the ratio of the sum of the dagnosis which is provided by GC
MS bromarker results from 2 crude oll samples. In order 1o busld an applicability
GCxGC.TOFMS analysis verified, the differentiation of & crude off samples had
compared. GEXGC-TOFMS and GC-MS present simiar fingerprint, which mean the
samples can be identified by carbon number distribution, biomarkers and diagnostic
odds with the source characteristics and formation characteristics, The calculated
rations of diagnosis are presented ifferences 35 the diferentiation of instrument
properties between GC-MS and GCxGC-TORMS. However, the source characteritic
can be recopnized by both MS. It shows that the GCGCTOFMS anabyss is an
applicabilty of analytic techaology. The GCxGCTOFMS analyss technique has been
praved the abilty to distinguish between different types of o from two real of
pollution cases.

The GCxGC-TOFMS has batter saparation factor and less co-elution phenomenon
compared with GC-MS under more compex composition {such as crude oif, or 3 low
content of biomarker samples condaions, Partiularly. for alkyl PAHS. fingerprint
sample, the GCxGC-TOFMS has given high distinguish, selectivity and separation of
nterfering compounds.

Introduction

Analysis of Chemical fingerpeint for eavironmental forensics of ol poliution, which can
be applied to identify the type of oil contamination, the source, the composition of
the o and the level of weathering by biodegradation. One-dimensional GC (gas
cheomatography) method such as GC-FID (GC flame fonization detector) of GC-MS (GC
mass spectrometry) for the analysis of samples resolution and pesk capacity has ks
it I GC-MS analysis, the extracted ion chromatogram (EIC) s used to isolate
specific compounds in forensics of oil pallution. One-dimensional GC method such a5
GCFID or GC-MS for the analysis of samles. resolution and peak capacity has it
imis; especially for the unresohved complex mixtures (UCMs). For example, the <o
ektion phenomencn has occurred during the o

process. Two-dimensional gas cheomatography techni
two ddfecent polar o propenty columns o overcome
project i to establish and develop the comprehensive GCxGC-TOFMS (GCHGE time.
o fight M) techniques and employ MS assist GC for forensic analyses of biomarkers
and theie forensic applicable fexsibity Investigation

GEAE

St \\\
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7 GCXGC-TOFMS 27 31 i 35k T F
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ental Analysis Laboratory, EP

Materials and Method

Applied 2 imported samples of crude oil and 4 diesel samples to establish
analytical conditions, instrument linear analysis, and precision
{reproducibility analysis). The biomarker fingerprint and TIC of crude oil
and diesel fuel have established in this study. Using NIST library, literature
reviews and standard samples to set up chemical fingerprint of n-alkanes
and different biomarkers of crude oil and diesel by GC<GC-TOFMS. The
GC~GC-TOFMS ol pollution forensic applicability investigation has
completed by calculate the ratio of the sum of the diagnosis which is
provided by GC-MS biomarker results from differentiation and association
of 2 crude oil samples (established by 98ys). In order 10 build an
applicability GC«GC-TOFMS analysis verified, the differentiation of 8 crude
oil samples had compared.

Instruments

Ol samples

© cexceTorms

‘Spectrum of crude oil ZD of (8) TIC spectrum
{5) GCxGC-TOFMS terpanes spestrum
0 GC-MS terpancs spectrum

TIC spectrum of crude oil IH_B by (3) GC-MS
(3 and (0 GEXGC-TOFMS
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Conclusions

The calculated rations of diagnosis are presented ddferences a5 the differentiation of
instrument properties between GC-MS and GC x GCTOFMS. However, the source
characteristic an be recognized by both MS. The GC x GC-TOFMS has batter separation factor
304 less co-elution phenomenon compare with GC-MS under more complex composition
(such 35 crude o), or 3 low content of biomarker samples conditions. Particularly for alkyl
Pais fingerprint sample, the GC x GC-TOFMS has given high distinguish, selectivity and
separation of interfering compounds.
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+ Z{IfRE %% PCB CONTAMINATION IN AN ASPHALT-COATED STORM
SEWER: AN ENVIRONMENTAL AND MATERIALS INVESTIGATION( 4]
FH 7> PCB M & B 484
HT MR
HIE PCB > HINER S
A o SRS - RS S BRI o GRS B
RiEFMNH ST > PCB C#HSIHE EEEY) -

8)

AW EFR TR
8-1 Ak » {RIBFREIRIRE &R - B 1930 ~1975 £ -
° PCB B EEWHE

HatAfE 64
w5 RIRAERERTH

GV SRRE 5‘5‘2% b
BHE NIHHRE -
&M - Y PCB RfF AR
GAIFY 2001 i H T R N R A A S

BEIFRHT
@%%ﬂﬁ\%ﬁ%@ IS
ESUNSRN

LA E T PCB VAR EE - (RIS E4r47 25 11 PCB A K fHEA © PCB JRAJREFAE—
R H S AES » fl  EEE B2 Eds (Electronic Ballast) » S5E4H4Y T 1
REIG N 4 TRt 2 PCB SrE M  Talid » HiE &S REUR » 44% ~95%HyE
ek E s PCB- A1lEl 8-2 Firyx - PCB JNE F = NIHAE & 1 » Tk} PCB
el fi =k A 10,000 ppm - L 1970 ~1971 fE i - AlE 8-3 AR o SR AR
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PCB & &9 5 6.9 ppm » =8 100,000 ppm - #1fE 8-4 Fiiiw - SALEE B SN
=] EJ%??E PCB - JH&ELERER » BEACHEE S PCB A AT RE 2K HEERE ~ %

MM sa Rl ~ RS - Hrp DUERHE T~ PCB Ry ¢ A2 620 ug/h » &
8-5 Fiirs » AWZeEaTs > HEIZ PCB J5¥L > sy s8R M » EaitERg s
I FET T2 B4R PCB H & » #ETE N R E B - AT NE RS EIERE T
PCB Z i (ER R T FT - o

PCB Containing Fluorescent Light EENER

PCBs in Industrial Applications
Survey Results NYC Pilot Study Schools

I

+ Transformers + Thermal Insulation
+ Capacitors material (foam, felt)

+ Hydraulic Fluids + Caulking & grout

+ Qil-based paints + PVC coatings for electrical

S Fomscont ight balasts. e & components

« Lubricating &cutting oils Carbonless copy paper
* Floor finishes * Inks and dyes
« Fire retardants + Adhesives/mastic

8-1PCB 2 T3/ 8-2 EBUAAT S B e 2 E 2 & PCB
L]

PCBs in Joint Sealant

PCB Interior Caulk
NYC Schools Pilot Study Results__

427 Samples
Median 6.9 ppm

B <50 ppm

B >50-99 ppm
<[ 1,000 - 93,000 ppm
I > 100,000 ppm

8-3 IH4& PCB =Y 8-4 NI PCB JRE
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8-5 A H Y PCB B Bl LT &

* BRI R R 2 RBS SO PCB J 59 2 iEa?. ~ IBHEEL I8 (40E 9) »
IIEKRBUN B AT R ET A A PCBs J5 YRR A TH) > W HiE & T/E-H A
2IA T H » % semipermeable membrane devices (SPMDs) » DIHIESEYE 2
HERL - S9N I RBUN ESET 53R 2 B - At95 2L Lake Erie/Detroit
River Watersheds fsd iy (& 9-1) » HEEEFE R 40E 9-2 4L G EIBLFT
R WEERE A R 4 B8R Aa()HME]  BGEE NSRS ER  (2)

JAIEERY  FI PR A [FIRE B AR S A EE () BOBTAF il T
R NETTISEERR 5 (4) s MG 2R CBRSEY) ? 26RE G TIEM
DU AR RRERET 0 AIHTTEREE Rt JTE R » TRERE B & 7KEE ~ TRIE ~ &%)
+%: 534757 aroclor~ 428 ~PAH~Ocs ~ TOC~TSS > i Fl|FH Weight-of -evidence
Ji SRS AYIRIE - HWHEAEY - 5V SUERE - RAERE S
BHREES 8 DHESEYIEERE R E 52 - RS RETR - 3%
SAHER SPMDs B s ALY —H/K D S g PR =t 1JC(International
Joint Commission)@ME o HHFERT AT A& HEEE AT 73 F 3 [EgeEs » Hr 2
(EEFAR R SR - Ho 1 & RERA A e ([ 9-3) - WiZ7E/R I
VR 1% PCB RS LHET SRR AL E - o IT4E TR - H TSS JRE B R /KL
SOTIEHER - RHVKOA 2 Br5ZA0R (B 9-4) - R BIEEIRIE ~ Al ~ K
AG ~ S ~ Ko SPMDs BLHEAHBAREAE ([ 9-5) ~ 2 {HEERE - LIHETTA
MEAREN - HITEBALN SR 2 RS A M PEL Y - Ak
REAREE 11C 2 FEIVEE -
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9-1 Eﬁﬁﬁ,—ﬁﬁ’ﬂ Lake Erie/Detroit River Watersheds . 9-2 /)%F:F;E\ !ﬁﬁ[
& 9-3 F T I hrés R & 9-4 k% PCB R E( L

[ 9-5 75 AHRAIEAE - 2 EBGE R
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+ I fHBH %% THE ROLE OF ENVIRONMENTAL MONITORING IN THE
ASSESSMENT OF ENVIRONMENTAL POLLUTION DAMAGE (ENVIRONMENTAL FORENSIC)
IN CHINA (#1[E 10) > FEE P EICOR 3 - SR ERTATRIR L H 25590 - 248
RSt PEIBUF IEE R BB A )7L > IREEBIRTAR S -
ERBUTAGHE AT IREEECH IR VR E - AR FE ESE iR
IHEEAFREENTE > BEZER K RREITE o SRR AR5 At -
RARECHT AT 7 B BOMEL S BRI ~ BRME - dath - WORDRE - SRR RS
008 C From  KERMFEIEEAE pH E 857 ~ 5% - BOD » 85477575
BIARRE - SIATEE S G Ry 2 83 YRR LIRIET - A POP R -
IR ARG AE RIE B B BN B S B R R MR -

Exploration on the Role of Environmental Monitoring in Environmental Pollution
Damage Appraisal and Assessment
Chen Yu, W Lei, Yang Chao
Chinese Society for Envi tal Sciences, Beijing, P.R.China, 100032
Email: chenyul62la 163, com

1. Introduction ilficult 1o idenlify the accumulating hesvy melsls ard e peesistent stacked
With the of saciaty, ernar paolkttion damaga incidents wastes al currant level. Thersfore, if there is no direct waste residue
are noreasing year by year. and the specific enviranmantal pollution damage poliution in the soil, the organic pollution within the periphery should be
and sparusal mhmim‘-ﬂ-ﬂr measurad at the interal of a fixed number of years. As for industrial and

in a cenain section and provides far mining enerprises that are wsed to condust poliution discharge to the
acdvice. Emmmmmmmmmmmm-mﬂ-m—m periphery within aach section, the fixed numbar of year for measurerment can

ARErasa b reduoed 10 three yeen
2. The Rale of Maonitaring in Nluﬂnﬂ D-m-o--ﬂnp"“- In oeder to ensure the precision of damage appraisal and identification,

(A} E g oot e R e i innovative biclogical monitaring alsa can be adopted. The biologiasl
{2} Concucting refevant menficring can clearty idantéy multi-lovel saction nl wa ‘“mﬁgl’ r.l. nhm; ““mmﬁm ‘:-I; m“‘mm-mm.m“'“md’_
poliition in tha envronment and quansfy cxisting losses, thus facilgating remedy SE P e .
and and righes and inanests. ‘_"V*Mm"hﬂ PO
%) appeaisal. and they mm:mm e pollution-relaled appraisal steps have high-profile
3. Mathodology mlmmmwmwmamww
{1} Moritnoeng Indicator soroening and point layout The assessmant process should be scieric and comaly with the monitonsd
1) Aamesoherne pollusion pollution status. From this p ing offers
When screasning the tha accurnsie refersnos hﬂwl‘ﬂ]ﬂ] wm’ sciertific nature.
characiorshos dmmmu-ﬂpﬂmmﬂmm secton should be
when the the feiicwing five major [r——
pallutants showld be considered. The first categary is tha p—— —
pollitarss with reduction propartios, sulfur dioxeda and atmosphanc hydrides: the |E——— vt —--..... et s
sncond category is cxidized poliutants; the thind category & hanmhd gases. that [y o ety
oien cause dense smog because thay contain hydregen chionde, bydragan
flusarices and suluric acid; the fourth categony is the alkaline damage pollution,
such as ammonia gas: and the §fth cabegany is dust poliution. e Nmmgmien of dir [ ]
When laying points, that can raflect the
[ [P af ‘withan each section should be Bl T E R l Pty ] el et
‘considened.
) Warler polution

Watar pollution has complox categories, and commen detection indicators
are pH value, ot salinky in watar. fotal dissohed cxygen, bicchemical axygen .
diemand, ammonia nirogen and less ratio of cyanida.

As for the kypcant of water montoring pois. there are a wariaty of scurces of
weater supply within uran and rural areas. Whan monionng grounceatar, it is
proposed 1o use multiphe mator—pumped wells and sat their specific dapths as
essentiad survey points; when monitoring surface water. tha paints should be
arranged in pump stations. Whan braeding wastowatar is to ba monared as

water inflow scurce, the points can be added at cutialis.

) Sail polhuticn

Soil poliution is relatad to heavy metals and has the characteristios of
persistant arganic polluticn. o thase whan
inftial scil polkition montoring indicators, spaci rukes should be complied withe if
tha soll pollubicn within cach section can be clearly identified. tha estabashod
indicators should be narrawad down. The indicator soreaning should be more

and soll crgank:

I temms of soil palition survey, tha rumbar of points ke should alss be
accurata. Soil cantains a variety af heany matals and wasta persistent pollutans.
Aftor a long perod of siow accumulation, a ot of them have baen accumuated.
The specific calisction methods and pratreatment staps of soil menitcring are
associmted with measurad vakies

ﬁlsumdm-n-gmmng

Poilution inspection shoukd synchronize with the pariod of orop growth and ~
tha insial production periad of a product. In tarms of genaral sense, it is very Figes 2 fild monitos of Atmosphearic pollution

@ Chinese Society for Environmental Sciences (CSES)

The Mwwwmcmm China’ s first and largest nafional academio and non-profil scienic group engaged in the cause
e ar wd in My 1978 s approved by China Association for Stisnce and Teshnology (CAST), as a subsidiary of CAST.
CSESM:MMMOMMM stall and ovar 800 member units, fram all L regiors, mur directly undar the
E‘.‘mlrﬂGn wrrimand, as wall as Taiwan, Hong Kong and Macao. Besides the Council, the Standing leﬂ\d“s.ﬁﬂaﬂﬂ CEES has also 7 Waorking
and 32 Sub-C: and Pr (= of which the work scope has coversd all fields in amdronmental sciences and technologies.

Darmage Certi ion and A Cantar was vedl in 2008, slm:- nmabﬁsnml whan undartaking decision- mahmg
consulations, subject researches, inciden i tachnical rvica projects entrusted byth- Miristiny of
Erwironmestal mmmmﬁ«1us¢nmm1-ﬂuﬂmmﬂwm M‘Cmﬂ‘1hﬁ\wdmrla]l) ard Assessment”
has gmmallyiurrm pes in terms of the and of environmental pedlution uamng- appraisal and

and mathods, llnlm:d-mm accumulation and case analysis, as wall 2 the appraissl and assassmarnt
case praction, wmwmmpﬂyﬁmw in prometing $ie amircimental pollution damage appeaisal and assessment work.

[ 10 2= 5R 5 A S i
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< Z2 7 #HRE % F COMPOUND SPECIFIC ISPTOPE ANALYSIS AT THE SEDIMENT-WATER
INTERFACE ([&] 11 ) FrE b &g E Z 5387 (Compound specific Isotopes
Analysis,CSIA) RIHZFE Y IEHE 55 H ZREE S st oo iR 1% - CSIA HAITE
&z AR N A5 3 et - & DERNEIE RFK  RIE 53 I # e
Vi e FEHE A KA ISR R - FZEFI A CSIA REEFH ~ —& %K

(MCB)~1,2- &7 (1,2-DCB) Z 54%REHETEE - e R E oK S i
Z BB A EEB LR - B EB5Y) KR - R R
FEBRER E RN AR ERE Z EHE(L  BEEAEREEREA HL
B o WENEREE Peeper MERINEREE5ALGHEESRIE KKIE /1T Z FLIRK
Peeper BEEHE 4 NabE—2= > 3 11 E2RERF > F—=HE— L 40 =ZH
VOC Jifi » RN FEmAR 27524 2 sl BIK « ARB5EaE 10~14 KI5HPIRE NS a]
HEFFRBE - RSB EWRENIZE 6 °C 2B/ Nt 0.5% ([ 11-1) -

—

Internal Unit Sampler ("stacker”)
Length =4 cm

(i4 Groove for O-Ring

«3 Open Ports
) | (membrane removed)

AN
t_ Rubber Septum

11 Peepers tiEE]

=26 Diffusion & Adsorption

27 Benzene, Toluene, MCB & 1,2-DCB
Ingiy ¢ 4

5'29 +0.5%o
)

-30 1 OlJar

. .
31 Peeper ' ' .
0 20 40 60

Time since start (d)

11-1 #H Peeper FREBREIE 6 "C Z B8/ 0.5%
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AR B 1 B Y Ry 2 BELAC S D 2 SR I 575 P 5 B PR ORI G 22 553
PRECMTEFEEE - 8 H 10 HER T BFRSRES Rk ) " AR =R
BHETIED ) 2R - 8 H 11 £ 12 HEFRSBEEFEESG 238 - =
BIER ORE F TR SO ~ B BB R RS -

(=) JEEhCHE

1. "EEEEsEEs (1EP conference ) f4dEH 7 AT MHE L EH —
R TAERRERE - [[EE T 4EPETT 2014 FHEEILZBHETE  ER
EEEBAEEL T AE T EE -~ i - BER  EIRERT - BRESREY
SRR (8 12) (E 13) - g iENEREE) - A4 2R mEEs
A~ ARRERCETE WS RZERBY - ERERGI 85 ME - o
RARFREHE RS T - IR E FREEYE I EE R a5
HAREAE S BB R (R -

EBEYTEEEEREE LR NARFRE - ETEEYER
W2 RS ~ TSR EERE - BRI SES SRR R R 2
PEEZ - RRELESCGEIRERR AR - et ST B S P45
FROLERORIEE N BATMAR - FfiTlalEn TG o &R R A BREIR
R IEETEE - DI Ryl > BT i S ER R AR -

12 EFSR Bt e Te e g E il 13 BEH ARG
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+ gt LR NSRS i sRIHEEIR B EFEER B (MOE-RT)
Im) S5 B B B BR R B = ORI B AR ir B - B EE HARE S ERER
Y EEERAAE - UG RS AR - SHUT R AR B EE L I B
WY& SRR - S5/ MR B o S HIE AR AR B i ( Tarakan JEAH B 5( Tegal )
VAR ZE IR R

CI T B R ET/EY; (City Clean Air Partnership
Workshop,CCAP Workshop) ;> REUFEESERMFEaTE NEEEE) - FEEE
Ry REYTENEE - BB IR R RS B & - DUBEETE
B387750 0 B R ne i S B E R R LR E -
SRR EFESE (B 14) 0 5 10 95 TIRAS 71 HE L EE 2
KREPUTECHEERAREYE - 55 aT S EgENES =
EE1E - TEREFEE T ST RN & E > gD R MG & H
SotEm > BRIV ERREE e L0E ) TR T /KA AR (R
FEME) M E R EERREOT G F e B Z B RS galam 207 -
B R N /K54 A E R 5 AR E EE AR - SRS R R A R K
TGALHIERSR ©

g T AR KRR AIENE R | i IR AIEN B A ERET
WEFR RS K SIS AR B G B a R iy s e ~ BEAL ~ 3%at ~ #0E
BEEPRRE T » DIFFE s s B AMRIRE - EFRIERERGE - B
FRER R R BB R BRI E EE N G B B RN e
YE(EEEET - B1E0E RS AT B IR B A T EHAIERAS R - S2EER
REN 103 FIRE W4 THIERREERIEE R 2 & 260 L 278 K 9 FaAl
MR HE N L2888 - HEERRERHREE K M B 50 E
BEIESRTOR > Rttt 5 eI B G RE B 3T -

e 1
T ??

14 ERBORET S FEEg
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EEIRRERZ RS (B 15) » 7 EBGE (PMs) EFHRES « KEY
BEERIREE R - (LEYE ST - IRERL - BERBRE ST
kB G T EHE B SAR B S SR Y SR 5 A TR K

+ERES ISR AH Y ARES R BB A BB ST
BOAETE - FTEIIAVES BHERS KB TR BISRAE AT o FREIREHSHEE
% » HEa 7 BAIRFR R ESERE - ZRBERESNEIIRHECEES
TEHTFRES ROlT - A AR RO RS E A R EAER TEUE T - DAFIN
BB+ ZB AR T EHEF NG TAE © S4B S5 7 B AR A
HART R E SN BB A DURGB B R BEIGHE 2 504 T Fs N2 BFSIHUE
DURFRBEIAR IR REE L5 RS HIEE » ST eI T/ 534350 8 a5 tIE
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+ EFIBAFHEFILICAAE EPA clu- in $8UEE R BEsl - Fiffrekdist
B - NS ER AL 2 2 RS el (FET R )

(1) " Superfund Remedy Report, 14™ Edition | {4 :

HEBIERIREF] A 2009 2 2011 -3 459 {57 (4~ &F}(Record of Decision) >
i B BTERD S ALGHE AT (E 2 B e R 4iat Bkl B B AR S -

AR BIERIREZEOR (8 16 ) Jf* 2009 - 2011 47 - $H¥5 9IRS T
&) 50%;5 745U In Situ pRERL T ETT)544E40E - B4 ¢ soil vapor
extraction, chemical treatment, solidification/stabilization, thermal treatment =% -
4T 67%;534 5001 Ex Situ BRIEERIT AT T)5 74504 » B4 physical
separation, solidification/stabilization, pump and treat & - SEE 544512
TR F At N /KB &5 2% By pump and treat » (HITER SRS & 2 fE%L
SEF T TIEE TAE - && pump and treat ~ FRHMERFE « BHI AR E
FATBCERIER - (@ 1D » 3 N/KEOERGiTE o - BB e R
& 38% » LAEVIEEE T AR £(14%) - (A0E 18)FT/R » AT > TS
JEFE 5, - SVE ~ {RE2EEHE ~ solidification/stabilization ~ ZE¥IE S
multi-phase extraction /& & i (5 VR E A T0E - s MES > K
PR B TORTNE T FHRY ex situ BEH -

(2) "Brownfields Road Map to Understanding Options for Site
Investigation and Cleanup Fifth Edition ; SC{4-(Z[E 19) :

TR Attt — A M A E B LAY D BRGNS - B & —eae B Bhiahh
HHENFHEIRACE I AVAHER - et & SR B 2 A5 E20 B ~ 10 (' RAvsE
B HE G YRR R 7 CELEE 48 300 {l4f FE&E IRk THS - il L2 H%5
RIH (1)) 2 78 s/ D &8 Smm 1a i RF A 2 ()t AE BRI R (3) — AR R AR
(4) /e F 8B B B et N BRVEFA & (B) teith B B2 (6) HoAth A [l Jg e
HIE R A & - AT FE H &S 5 [Mb & (Road Map)» 43 By VO{RE P Bt (E ~
s SIE - &I E T YRS SO E BT SR s T LT A THE 5 | -
TEAG PR B » B AR B it Y S AR &R IE PR B B A TR E s 2T
R 1% e RS A B BU BT N S A AT B RS - 56 —(HIBELE
AL RISV R & B P LT 2R BB - s A
o GAYER A > DURCHAOR ~ RS A0 E - A S AT Y
Stk A BB A B R A S RS 1R V5 B T AR th R e r
b2 A3 BE S e 7 A A VAR B AT T 2 BRI Y B AR S = (BB EL 23
(BT =NAVEHE fEE - IR EOEITE R b RVEHE & & T Rl &
HIHR o AR R 2 A LB R EVETES - &bV T =URER - SUEAREZ—
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Percen tage of Groundwater Decision Documen s

BN

(PR ES - BIRETERETT - BT R e 2B PREBHZERIE - AIE=IES
751%5%[3’] EES iﬂﬂ bife hHEss - R I R TR AP
B o WCEAMHRHRYE L EALE TR R SR TR PeE R S A e o it RS
B%YP“%J %ﬂkﬁﬁ% AETTRIAIA -

B R R A O BEEER > BB REUZLL TClearing the skies in
Asian cities -- new US-Taiwan collaborative programs ; FyH » 4148

HRIEH 2= S i B AU R AR e [ (R A R E B SR > SRR BER PR A BT

B 22 R B K R B & GBIt AR
Percent Source Treatment Percent Source Treatment
Total Decision Documents Total Decision Documents
Technology {FY 2005-08) (FY 2005-08) | (FY 2009-11) (FY 2009-11)
In Situ Treatment 72 48% 59 50%
Soil Vapor Extraction 3z Mm% 5 %
Chemical Treatment | % 17 14%
Solidification/ Stabilization i1 % n 9%
Thermal Treatment 14 % 7 %
Bioremediafion 1 ™ 4 %
Mulfi-Phase Extraction & 5% 3 %
Constructed Treatment Watland 0 % 2 %
Subagqueous Reactive Cap 0 0% 2 %
Flushing 1 i3 1 1%
Fracturing 1 T 1 1%
Phytoremediafion 1 13 0 %
[Ex Situ Treatment 98 65% 80 67%
Physical Separation 31 Mm% 33 8%
Solidification/ Stabilization 29 19% 15 13%
Pump and Treat 18 % 13 1%
Unspecified Off-site Treatment 1 % 1 9%
Recycling 15 0% 10 8%
Unspecified On-site Treatment 1 1% 6 5%
Phytoremediation 0 % 5 %
Chemical Treatment 5 ki1 4 3%
Bioremediation 4 % 3 3%
MNAPL Recovery 1 1% 1 1%
Thermal Desorption 1 ™ 1 1%
Unspecified Thermal Treatment 1 1% 1 1%
Other Ex Situ Technologies 13 9% 0 0%

& 16 FEGTHFHEE FVs R aRn it 8

100%

A

L

i~ M

=2 o

2 o2

- - - - - —— == = = = - = - — ~

MNA T L
=} Containment (VEE)

17 2B T /K 52824 (1986-2011)

26

Other Groundwater
Remedies (e.g., ICs)

In Situ Treatment



Percent Percent
Groundwater Groundwater
Decision Decision

Documents Total Documents
Technologies (FY05-08) (FY09-11) (FY09-11)
Pump and Treat 22%

Groundwater Pump and Treat
Surface Water Collect and Treat 5 2% 1 <1%
In Situ Treatment
Bioremediation 60 1%% 49 243
Chemical Treatment 38 2% 28 14%
Air Sparging 10 3% 12 6%
Permeable Reactive Barrier 7 2% 8 4%
In-Well Air Stripping 0 0% 2 1%
Multi-Phase Exiraction 1 <1% 2 1%
Phytoremediation 3 1% 0 0%
Fracturing 1 <1% 0 0%
MNA of Groundwater 56
Groundwater Containment (VEB) [
Constructed Treatment Wetland 4
For Groundwater Treatment 1 <1% 3 1%
For Surface Water Treatment 0 0% 1 <1%
Other Remedies 281 87% 177 86%
Institutional Controls 7 85% 173 84%
Alternative Water Supply 2% 8% 13 6%
Engineering Confrol 1% 2 1%

&l 18 %liﬂﬂﬁﬁ LIRS G
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charcerization and ceanup
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Lo Smppocen o i
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consdatons
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1. EREESE ST &2 K (E B BRI S SR G (Envi ronmental Forensics)HY
W R 2 Filn B FE R RS, » BES0ET TR » PR AKITH G IE - & (AR
e RSB T - BROT RS54 8 ) o AR ATH748 i 52 & s L L s A R B PS E
ke MR R PR T AR 2 AR

2. &S S EEN R LS = o HUSERRRE Y o LRSS HRTEE
BUTTESUERG TS - [EHSEEAERNC AV ERE - MIHEBRSEC 55
A > T 102 FE 2 104 FR T ESHm LER EEE & RE - 1RE&E W AT
FIFHAR EIRIRREIRSCH 54k i — D s - BisE i 2 5 ARG -

3. BLASUTHMIERE o AT A FE R ERE NI ERE S Sk S L E Tt
FE R ZREE - BRI EEREEA 1T Mraa RS - 20 T HE
{EEYIES R4S HIRE L -

4. IREESREAHE - EEEEETBINRRE AW 2 RIRSEFEAZES] - S EBININE
REE RG] - WHEERED S Fe S hl AR I = ) e AR REE ] E 45 5 [ A
g o

5. BED EEBERMTE{ER,E (EPAT-USEPA Implementing Arrangement ) 22
N E SR T R e T Rt KSR ARl - WA SRR
REBETE SHBE LG E » HEATRMR -
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e g dtlE ) g el 3 51 - OEHEHER (R 16 T8 - DU
j{é%% 19 FH?/\—Aj(ﬁB%

H ,HE TAEN RS

8H3H Bite ZdL-IIERE Mm%

8 H4H 240 72015 FEFBEE =& International Network of
Environmental Forensics (INEF)
e ¢ M IREL?

( 1 ) 4@ HT(MULTIDIMENSIONAL
CHROMATOGRAPHY) ~ flAE VAR B e i
(MICROBIAL SOURCE TRACKING, MST)

( 2) wiEhEE (PASSIVE SAMPLING ) ~ EE/K
(WASTEWATER)

(3) ABESEFTEMUMAN EXPOSURE) ~ 37K Eg e
(MONITORING FRESHWATER
ENVIRONMENTS)

8HSH S0 T 2015 SR SRS International Network of
Environmental Forensics (INEF) |
S RIEA

( 1 ) FHRE B A PI(PETROLEUM
HYDROCARBONS) * AR Z Bl 75 (LEGAL CASE
STUDIES)

(2) BEAE#EL544) I (EMERGING
CONTAMINANTS OF CONCERN 1) ~ KRR BHE
(ATMOSPHERIC SOURCE TRACKING)

( 3) BEEHELSZ) 1 ( EMERGING
CONTAMINANTS OF CONCERN 2) ~ #8711 [5]
fAir ZHEE(INORGANIC AND ISOTOPE
FORENSICS)

§H6H S0 T 2015 SRR SR TET € International Network of
Environmental Forensics (INEF)
S AR EES (Nuclear Magnetic Resonance
spectroscopy *° NMR ) TEIESE {22 FE A
(1) FHAVEEHTIY) - 4t STATISTICS)
(2) SFrarft#E(ADVANCES IN ANALYTICAL

ASSESSMENT) ~ fEb&EPIEL &
(Compound specific Isotopes Analysis, CSIA)

8HTH FRaER i e S o T

8 H8 H BT S tHE &R
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(=) RSN 2 EESRER Faais)  Ua 2 IR & e
CEE RS ER R SRR E R i E R RS LEYS -
R B PR BRI R HE T B 1 S Bl AR BEEUSE BIER R PM2.S ~ BRETE S B A Y
15 ~ BREEUA ~ Super Fund S5 2 SR AHARELIERE > WTEHUE-R N B [ 2R
PR LEE R 2 SR o BRI R RS SRR G F S H -

HEHA TAENEMREE
8 H9H B IR -5 B HE R
8HI10H | EEZEN :

(1) MNEEFERGESHEAESINE | E " 23EREY
fEerak , (IEP Confenerce ) < Bl B S B RAK
=

(2) SIRHERZERBIE TR

(3) =EIGRE

8HIIH | EEZELN :

(1) ZUEBERREBIECTEIER LS HEE
ERmEGE > NEERREEE R 0 W
TTEIEIRIRRS tEaT =T B2 R C3 Ik
Peag EE) o

(2) Z=EERFREAHEPIEZERE - FHHJane Nishida)
FREFRRRITGFETE S - SmBEERTIR
I RS ©

8HI12H | EEEELT

(1) PEHCEEERREZMBFN - BB E NI
15~ IBERUE - B e FRE 2 E R B
e

(2) BENEBEASOEEESE > 5858 © Clearing the
skies in Asian cities- new US-Taiwan collaborative
programs °

(3) EFEERME

SHI13H | KR FEEERE--EEER
8§ H 1415 | B2 EEESI-ZIL
H

f TRERAEEHE RO

(—) 2015 FFERIESE AT &
1. AREEEZEENBESIE 5 EREESMSTE nternational Network of
Environmental Forensics(ffif# INEF) o 2% & #(AHREES? ~ IRIERARY -~ Bi/Eik
1 ~ AT E AR AN IR A A LRl - P 2X AR BRI IR
G iaRE 2 g B - FEAE NG G E R R R Ham oL -
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2. CHUSHIESUERSFAER R - PR Where did all the oil g0 f28 I
R R REA L AHREEw S S TR F R SR T AR Y R - HEHEER B
5 AT A H R S o B FR 10 el A B L B2 B RV F R HES TR ( EIERIAE
JHH i B R T P P (chromi o) 57 48 I B2 G R T S 8k 14 (catastrophic) MU HIE% F ) ~
()4 el {6 FH R A (32 i le (Bicyclic Sesquiterpene) A= Pt 1 T4 i
R AR 2 SR ( FE MBS E RV ZE BN ZE /48 T R AT ER AR
Fr ~ BT ARSI o W SRR S nh e A YRR L 5 4T
sl AT R HET THIER ) ~ GYHR BT 52 R LB bk S L & E S U AL
sa IV EIZK ~ (DIE BE— 5k 25 RS R 2 FAE T8 R L EDRE & 7y 8 R L
fa8 Bl C& L J77A1E 20 FAeAERY B MERRET - DU B 23R 55 ORI H:
EEAE B E = 2 BB SRR - Riali() Qs 2 AHRBAR i oA e A
T AY RS R E R |

3. ortrEdiTETE SRR (DS R EITREE 7y - KErE
TR R 2R A e m A R e s AT B o e
b EFEER GCxGC-HRT 7 iridflo it B+ B A Y 5 34 b -
A RSRER BB )7 20 GCXGC-Q-TOF A flo i ER iR - ~ DA
{5 A EhBRER B GCxGC-TOFMS 1T/l /KEHME ISR T3 - (2)
FrE(baVIEfLZ o)y m - SFEERE) B /KE 2 ffE(ba?
G2 22 A~ 55 H — 462D R e b &YIEr 2 7311 Compound-Specific Isotope
Analysis,CSIA ) FRETATTHAREH F/KEZE T ~ (R E LEYEE S
MrERET AR S IRAT AR EL AL VAt - DLRAE R 5 F5Ay i T 7K s FH S A2
EMRFEL R T R BRI E SRS - SRS B R KR
5 DURCRBIH B %E 2 MHRRFE S -

4, IRIEFTEIAESUAHRES SR 0 2@ Experts in environmental  litigation » f&FHE
BRI E R S LB A SRR AT (Marc McAree) £5 « N4 A F
B BxRAEHEE - BRIV - JREARER - EHEZRVERITE Dk
BRNMENE - ERRAGTREAT  BIREEREERH A /D8  JRAEE
AT P ERETRSEERE B R NMEREFEEERAHAELER - ERAIE
M AR - HRHERM IR SEEEMAE L - BEER TN TEERE - B
SR BE - RAEER - RIS B P lm AT - EEE R AR
BEYERESE T0F -

(5)  EESRESS g EOhE)
L AR B E 5 H Y Ry 2 B R S B EE I S R PR Bl S = 3R R
e FeFEE - 8 A 10 HEon ' PRt ) | i ERZE RS
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TAEST ) BER - 8 A 11 £ 12 HEERMEASFEFE g 2 8 m  EEERR
FHEFETRENMAOR ~ FRE T E RS 2 R -

" EPRIRIERS sk (1EP conference ) > f4#5H 7 (BRI HEEH—F%
RIAERC GRS - mBIE M 4HEPETT 2014 SERRIL 2 Bt s o S8
BB T AF = & ~ B - Bl - BIFRRE - BERESREISCEIRE
FR - RSN EEEE) > BEEA RSB - ERREREE - B
TR R - RSB 5 AR OEFZRE 5 A5 B a R T -
TSAAT R NE TR B IR LRI EFINER) » SRR KRRESNE Ak
17~ EFEEFREREYOREEEHAOR L E%E  HAEAEHSE  BaNE
PERAZATB -

T E B2 RIS AL TAEYS (City Clean Air  Partnership Workshop, CCAP
Workshop) | » BEIFEIRIERatE TELGE) » TEEERRERTREE -
B BT AR R R RS AR & - IS TFEE T IR E
SRS T S BT E R R TR E -

EERMRIMEIEFEES - HE 10 9FTHRAT 71 IHE R E8 Z AFHIT
S ERAREY - G R AH SR g EES  E2XE6F 0 '
FE R T S i Y & - g eI R & 1E Rt B A5 © 2
RV 22 (R s a ik TAF T3 ROt T /K5 AR il (R A5 =0) Pl &
EERIRA A E B2 ERrsEE Gatim » 37 TE RO K055
BOGEBE 5 AYRIE T » ARG B AR K5 H AR -
EHBIRBEEF L » BPE S (super fund) BIESAR T » S EMAEREDE
R St SR GRS VAR IR R EE) - EEIRIRE AT
F AR I B EE R - BOARMTII(FIAE EPA clu-in 4802 5H) - BOARMITEL
SRR EE A DR EREN U IS USRS (Conceptual Site
Model,CSM) » DLEEROGERR R NS - FeiBlE > FARUEE - BIEE
TEE R AT A BRI TER L AT & » BB - ARSRIERIBUN RATHY
R HR TSR AR AP A KSR A - Hi DB
BRI A E

B R AR P O BUEUEER - B REI= DL Clearing the skies in Asian cities
-- new US-Taiwan collaborative programs ; s » /M4EFR BIZE R B ISR K
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FRft FAYERER -

EE
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View across Victoria College

BLOOR ST, WEST

VICTORIA UNIVERSITY
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AnnesleyHall ............ AN
Birge-Carnegie Library . . . .. BC
BurwashHall ............ BW
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65CharlesSt.......... LH
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Margaret Addison Hall . . . . . MG .

(Front Desk) ; A ST | |
Northrep Frye Hall ........ NF — \ :
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Victoria College Building... . . /
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