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=

101 411 H 6 HEF 11 H 16 HENSEHET B M RIARER RS
YewsE i o o Jo2 N 2012 4E USSR %M R k@ (National Ground Water
Association, NGWA ) | [AfE#E 3 BEEEZS (Orlando, Florida) #4ff.s T B[N
FAEH KBRS Yok ER] (Environmental Isotope in Groundwater
Resources and Contaminant Hydrogeology ) WH#FRIE » FkL T SEEI AT
FHATFT Res ton FRE AN ZHE = (U.S. Geological Survey (USGS) Reston Stable
Isotope Laboratory (RSIL), 224 -

2 T B RIARA M KBRS RS HER ) W RS TR
HAS - BUR RN S /A ~ DI E MR [ A 2 e R 7K I
A~ M ZKGEAE 5~ BRSERISR TR BRI N /KT 3 ~ T /RS 3eR T2ES 4
I~ FIRERAATE A BRI AR AR ~ DL BT AT -

SHAN T SR N BT LT Res ton FRE AN RS | > RBEIEE
HfRay - BERLERE VRS  WERER A S AR R R TR A T oK
PR FIR AR~ TR SRR AR |~ T KRR AR R R A7 3 AT T K
RS IEAR BT AT SA RN A~ T KR AR EE AR RN AR~ KR
i P SRR ViR [ (57 A | ~ T [T R R BRI G R A7 S An | ~ T [T R AR
ey ZI AR A A | ~ T S TR RERR R A7 2 Al 55 -
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— ~ B
AT H BT 78R The rmo-Fisher 22 H] AT RGE AR E TR A 2 E

(IRMS) » DURCATDARREES IRMS o S AHIE TR (GC) ~ JUERIMHTER(EA) ~ BB
EHOTZR TS (TC/EA) - MV E SR T R as TN 2 07 A
(Polycyclic aromatic hydrocarbons, PAHs )~ ZLPNEE ( Isopropanol, IPA)
MR E S (Total petroleum hydrocarbons, TPH) S5EgEE% AT L -
BT EH R R22 0 2012 4F T SIS /K e (National Ground
Water Association, NGWA), JAfB&E BLEBLEEZ (Orlando, Florida) Z2¥%
T BRBE[FIA A T /KBRS YK HER] (Environmental Isotope
in Groundwater Resources and Contaminant Hydrogeology) 7R -
BEREERINR B R ~ oS a5 B - ARl T3
[ N B E AT Res ton FRUE R = (U.S. Geological
Survey(USGS) Reston Stable Isotope Laboratory (RSIL) > fEHVEZE =
RS - WER RS R VIR e MR = A Bl - DR B G Z FEH
SHRE » TR AR fre s -
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=~ HERE
(—) " BSR R RAEM T K& ISR 53K € (Environmental

Isotope in Groundwater Resources and Contaminant Hydrogeology)
LIRS

A E SRR T B 2RI BT 12 A0 70K E S (1)
FE (8)~ IR (3)» HfF—(@REREHET - HERERIEEER
BERIZRAHR TAE LKA 5 ~ BB TAZHI ~ Bfb B - R
2 NI ARRFEIR AL EET > Tan Clark (FELEMEREMIEIN FEHT5E)
S Ramon Aravena (fEEABEMIEINIZWISE) - DAsesg r =@k - i

AR EREER > AT

IKF [H | FREAA

(2012.11.08)

7:30 a.m. RE]

8:00 a.m. MR A BRI FIAL R A

 FRERIES PR R 32 A AR 2

« [ RS R E

« [AIRLZ2 80 - /K UG B Bl B
10: 00 a.m. RE

10215 a.m. DIRG e MR B[R 32 o et N /K &R RE
< TEERH N KBRS L

« ZRBERKAP IR E &

« MR K/ ERIKEIAH A A E

« DU Z B N KR AR AE

« JRAFRIAPEZ R A N ARG HY BT
12 : 00 p.m. TE

100 p.m. N ZKGE A - - i N RGBSR

« DU T s e SRR I oK

o« DUBE AR TE 3 7K

3:00 p.m. RE

3:15 p.m. [FIA IR TR

« HEYRIEREEK

6/33



< AT
5:00 p.m. IRTE A A
iS5 [H | FREAA
(2012.11.09)
8:00 a.m. B[R R oK s E 7
* i FH 2
o TR RNEAL ST
10:00 a.m. RE
10 : 15 a.m. PR ZERITTER R A N KI5 4
« T R P AR A
« R IR U
- RREFAN BT SR EHBE
 FHIATF 7KK ARG R s 2
12 : 00 p.m. TE
1:00 p.m. K5 YRRy T 25 G4
« ORI DNAPL s - FrE L S WIIRIAL 2504 > DA
SEA AT B AR R
« Dlsdh i s P LA B A IR
3:00 p.m. RE
3:15 p.m. MRS TR (F8)
« 1E T2 @ 2K R
430 p.m. HOE R B E B~ TR o BT e
FHIRIRL S S A 55T
5:00 p.m. IRTE A A

(=) WFEEERERATT

L ASEMERN R ERE R : CH> 0 N~ SERAGYIH Rt

S=

PES

S CRAAT B A EIIRRETEFIZ58 (Stable Tsotope) BAIMAAER HAA

Fieh MIFEPE DR E MR RS PSS IR R ~ B
TR ~ B N ZR 28 £ RIA258 708 (isotope fractionation)
B MERAIEEATRINYE - L RINFEG R S A RTAR - IRMS 2
—FE AT MBI IR PRI 3R L B R el As 2 CH 0

N~ SEEnEER G CO~ K~ CO~ N~

SO FFLLFE T T =X - KTk

T IR AT 1R > NI S (M) RIS (B A E ] > —REHA—HE
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TG IRRE MR RN R AET T 73T © AN R S B 250 A Rl
BRI BTRBLE R R R S e PR » 3 B PR A 8 AR iy
L RN ZR LA A AHERHEE » DUORFFHERI B — 2R e Ry (R 32 LA - A5 LASE R4
Pt LR R E IR T & - B A R e MR AA BB R AT e LAURAE
JE TR R TR A B LA - BIPTASREE s b S ke e MR 3R
( Compound-Specific Isotope Analysis, CSIA ) —f¥E 1R EVERIATE (DL

BEEH]) S A

o13C {%o0) = [{Ry—Rga) Rgal] 1000

E=13 C.-"'_l 20

Determination of Compound-Specific Isotope Ratios by GC-IRMS
Example: Carbon isotopes '3C/12C

Gas chromatograph (GC) Isotope-ratio
m mass spectrometer (IRMS) @ -
5 3 130021300 COZ
Inject =
njector : A j‘t A
ﬁ Ref. Time
gas
12,
0 = 1200 coz
vC = 2 ‘120,
cDCE Combustion \Water =
TCE furnace  trap
VC TCE Co, co, 13¢c 13¢ 13¢
cDCE Co, 12¢ 12¢ 12
J\ H VC cDCE TCE
Time - Time
[l — A GC-IRMS gl 5k S Pk ME R o e
2. R AKE

W N ZKEGFEACE IR Tkl N /KGRI ~ FROSRI - EEMTHRGRT i
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TS YIRIEREE IS - R A AR © — TR R e
VUREIHEREI FF B S HK - 53— TREEAE GRS - F B A
(R R o BT R /RIAEBRER R AR, PR M /KA B R
TR ~ W S R R

TR KEAE T o W SRS © R (R-14) EfFERBRERE «
SEAR R P AIE T4 B AR /K S T - 14 AR R B O — T4
T EAE T K -

AR o A E AR 0 1PC ¥ 98.89% 0 PC I 1.11% > HC
10" % - "“C FREMERIGIER » i > O ErRF N SRR —
Il B ki - K fiEft > FLAPEEIIED 5730 45 > /K A LA SENGHE - C e
SRR M AR SR R AR T - R - e
UC LR > ARG TR - THHIEIIBRAERRT 3 AR © fRE I
PERIGIER > AL RS E Rffg > $955 107 % » *H @385 He i
[ BT R > HAPEEIES 12,4 4F o {HAE 1954 4F > AMEGHEITEHH
Kk > (R RR T RI S B S - 1962 FFEERmE - S HIg
8RR > Ak A NELASARRAR - RIS N AR5 RS
I 50 £EIBLA M R K -

3. DR VBRI LA s et I /K B T
N IKE IR N SR — » WFFER N ORISR > BTN
IRES ATRAEBHA A - BRI EENER - K& IR EE
TEMRAEH T KAIRG ~ A~ PEHDIRDL— B AR ST > AT ok
7K g T B R T USSR 2 HE TR N 7R B e BT - R
BA AR B AT N KAELIR ~ WERGSRIT - M Sk R
Hhth /KRB ALK BRI AT ST > 2 H AT A S s A 5k
ZBIEI © AEEESEREE DRI A 3B B3 /K A% (Tracing Ground Water
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Recharge in an Agricultural Watershed with Isotopes)

M 7K R RS 1Y KR > DR R 2 R SR B S a5t 20
Y MM KR4 » Pl iR (kL) RZEE - &gt Nk

mE 0 RO NAROKE G o Ry T B EZ e SE E AH NOKAsE A A

FEETE 12 T RanaK - g H BRI N oKL ~ stsk{k5: (TOC ~ pH ~ TDS -
HCO - SO*~ CI'* Ca™ » Mg™* » Na*» K" )~ B85 [A{75 ( 6 *Hio~ 6 “Coic)
FERS 14 Al F A0 -

HIZRER RO, > 7K (recharge) FRUERTABRTLFOK »
B ILIRE /K AR S5 N RO (A UK © FH 6 *Hio (MK RCIHZK) AHEHA A
TR > AERTE > HRAKBIAZKIY 6 *Hino FBIT » BEURAERIE RIS - I

AKHEE AN T K A2 = H BEEIE > KA 6 "Hino BTRHEMRZ » HI R /K
6 *Hio 8 NI » BURS/KATHEEAM Tk 5 £EAH BB HK » iR KfAE
B {EHE R BITKIY 6 *Hino AT » BEUREEIREAT M /KAl + ATLL

HAN A B BTk 6 *Hio 84K - T M FAKHRBIH I -

FH4% R ERfE 2 (TOC ~ pH ~ TDS ~ HCO;3 ~ SO* ~ CI' ~ Ca®* ~ Mg** -
Na" ~ K*) FHEHZOR} - AT LAZSE Bl s - Stk PRSI B - Bl - IEDRHfit
FH ~ TR (A B R 6 PCoie T A A T ZKAEE A AR =

MR K g SRR ( Dissolved Inorganic Carbon, DIC) 14 6 “Cpic @

SR F P 4B (soil COy) 6 PConc BIREYIREIE (AR R
W) (KRR ) ~ KRB AR - BT MRS KAIIZRET » 6 PCoic
IR -13 2 -16% > 8 DIC FZEE Y C3fEY) (HARERIVEY)) » 1E
575 M ATHEIKATIZRE > 6 "Coic /MY -11 % Tao > {RIAIIE(H > B~ DIC
TEARERA CANEY) (LRZREhEY)) -

{EZKOIIZRET - YR MEATHER (Dissolved Organic Carbon, DOC) JRE#L S

(10~30 mg-C/L) » HURNAHYIE FIRERCHHEEE AR K -
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4N ARG RE AR B 5 )

REAE RS T RE @ T 0BRSS5 T A5 St K - B
FIE » SO T KGR - RS - SRR S e - R
HI > BERTRIEE & > BUERIFYIAERTH - HIRAREErT5 AL T3t oK -
RBETT7KIIBE - HWATRETSES) 1] » R oK « TEERKIEER ~ T3¢
[ HE A ~ BIRIS - RILBHIR S ~ e Tr7284ErE (1
FEEDERDHSE ~ DL - FEAENE ) ST HiBEAERE » EA TREIgR
Hi Rk o

Organic-N > NH,"—> NO," 5> NO;

KRB ETA R (U.S. Geological Survey, USGS B ZUKEFHMiGETE] 41 1985
A 1995 4R G TOK B AL EY) « SRR ZK
LTI BEERSZVGYSHIE A TR - RIS 2948 [IHRZ R /RER S - Al
60 FEAEFIEARLGY) (VOCs) ByE R - AL 60 [ A S

(VOCs) = fi 1,2-dibromo-3-chloropropane ( ¥z 75 (HilllASlNES 1.0 wg.) 4f -
HERHS ARSI RS 02 woll - —#EITS » VOC IR
R > 45 5696 VOC JRIEZ/INA 1oL - B HARINEIN 5 FffS A S
Y5 9L8) > 4R 5% - Trichloromethane ~ FHEEES =T ZLH( methyl tert-butyl ether,
MTBE ) ~ Tetrachloroethene ~ Trichloroethene ~ 1,1,1-Trichloroethane * F:r 4 &
T RABAR @A BARIRR 2 ok 20 S BRI «

5. LAFMR RS AT B A A B 2SR I i

FEFP L BFRIMICIRTHY T2E & - EEYIRES L - KRG RAEEILEY
HEREIBREE T > DA HHENIM N /RS2 R G5 « N & sH
BAEYILLKE » EEMTHRBEI TR - R Rl L5 - WErFEs
DNAPL (dense non-aqueous phase liquid, FEIFE/KAHAW) - DNAPL TJ#EH1##

BEA (diffusion) FHET/K T & H3EMEEE T ~ Baf# (dissolution) £E7K
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s BB ERE (advection dispersion) ZE BRI - BEHHFRE LM K
NE - SRR (blodegradation) FIHMIMIE > 2GS AL
(plume) ° FLEWIFENIZRLEE ZENGAYII R ER (A5 AP inELRE
@i (depletion) WFETBIHET) S AR » #CAT LA R (258 53T A
IEHEAT PRI R R 5L -

Processes Controlling Fate of Organic Contaminants

— D i
i Advection Dispersion st
Dissolmioms—'

y Sorp IO!"I/ Biodegradation

Retardation

Drﬁﬂsion

B PERIE RS A L R

VIR LIBAERSAVIRTE T Z AR IS A0 T AR - AR RIS = LM
“RLM - B~ LK e

Degradation of chlorinated hydrocarbons
under anaerobic conditions

@ o o
PCE c:c’ Cl-¢c—Cc—Cl 1,1,1,2-PCA

/ \ [
cl l cl Cl H
c
TCE ‘o=¢’ cl— 1,1,2-TCA
£ N

H\ Cl G\I IGI G{ ;
co,=—— C—C c=C = 1,2-DCA
i / / 5 /

DCE ClI H H l H
St / Chlero
co, «—— /C:C\ ethane

vcC H H

H l H
COZ - C=G\ Ethane

7
Ethene H H

[ = VIR LIBAERREAVIRTE N ST
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6. 2B AT + DUEEWIR € R ATE R 3K g TCE e €
(Fingerprinting TCE in a Bedrock Aquifer Using Compound-Specific
Isotope Analysis )
SEFSE F3REEAT Dr. Ramon Aravena Z28ilf 2012 4F 10 [ #%527F Ground
Water HIJTH]_ERYSZER o IR 2RS4 E#IFS (Guelph, Ontario ) A—[ 17K
o K28 =4 LM (Trichloroethylene, TCE ) FYyFHL » 7F 1994 f-giEE {5
IR o INRSE AL E R Sk E - IS TR A E =8O
K o VEEDL2 MERFE L IRIGE R (PC) Figd C'Cl) 27 KBS
BRI
PRESE IR AIR T2 Bl Ak ER (e - g Sad)Est 1~
KD TS A HEA 5 (organic compounds, VOCs) = ( =& LM
FEE-1,2- " @ L8 ) o34 S22 80007 (TERAREE T ~ DRBRAREE T
IR R ~ EEAEET ~ BT ) 0 =% LM% (Trichloroethylene,
TCE) JJIE-1,2- % LM (cis-1,2-dichloroethene ) /TR E /L APIAIN R
fix (C) A& (C1) 73M7 o ARIRIGUSGHERESL ~ SPATAGEIR ~ HR KA ~ fil
(PC) Fugd (Cl) [FIRT R BRI RAE AT ACHE THR > Bk
g7 e B /R 75 e 7 PR -

(=) 2BHEIM " EBINBETTE AT Res ton BE R E % (U.S.
Geological Survey(USGS) Reston Stable Isotope Laboratory (RSIL)
AR
1. RSIL /2 1978 4£%4T. > Dr. Coplen S5 EERE T4 > & EFEANE - B3k

FESE  HER=EEOLAERES - RSIL #6456 B RIGRELERE -
RN FIR SR - B TR RRIFAZ 32704 » RSIL B IR 3R LU A
B TR BB T IRIRSE - BRPASERT STkt F 2SS
Ao B B> B BEETE R K & BAFEARILE -
2. RSIL HEG¥E T[EA7E50 85135 ) (Isotope Fractionation Project ) » FH#M

R ERER < Bty 2y 2 RSIL > METT/K 5z TSR =2 LU EAR AT - 2t
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VLA B AR OB - fHSEIE BRI TR A KSR E Y Bk B R AR R i [
JE o T R ACRAR IR R R A AT RERE ~ MR /KA FOK A L 1 I 1
JE ~ i RABRE S ~ AR MIEER ~ MR /RS2 GHIRI - DU EARE B R AT
RETE -

3. RSIL AIHEESERIHE iR (USGS) DU A AR AT R » A
R > BR2E RS - SEREREEES - NERREIEE
TTZ A RN R LA IIMT » e BRI 5 RN R AT
Py AFE ¢ TR RIRIRI AR ~ T RS R ZRARH S ~ T KRR AR
BRI SRARH | ~ T /K H AR AR 1) RTS8 R 7 S8ARI |~ Tk
ARUE T G RIS | ~ T 7Kk i M SRR IR [ 57 SAgH | ~ T il
AR SRARH |~ T I ARG R U A A 2] | ~ T RS R A IR AR 1
AR ARINI ZAE | o HTTVE R B B F T 2 S R T
(1) KRRz AR

PR - KEREE AR IS E TR - s b2 el
2 A Hy > (K SIS RE S P i (R B DA T /P 3 )
AR A fE © "HH+'H'HO < 'H'H+'H’HO
SRt A 1 /INKF © G He (SRS R R /K ) » K&4EE
B (OMNEFRBIRE) Bk > DUEA RN R ELE PR (dual inlet

isotope-ratio mass spectrometer, DI-IRMS ) AgiHlFE e 4 &[5l 40

>

1% o [FIEERGII 284> m/z 2 = Ho= 'H'H ~ 3 = H, = "H'H* £ fIEH
S - R AIAS L T E AR (PH) ) R -
BEZYE K-

BRER - B EREEY 60 mL BN - 25 FZ - (Polyseal conical insert
cap) » DARHEZEHE o KBRSl (B =) » LURA
THZEERT « KA S g Sikr - b KRy sulfide » JHRITES AT &R
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(305 - sulfide €A1 Pt HEACHISE -

(2) krhgalRIf A
FHEL © /KB 2 mL 2E AT T 0 8 R IZESHZ - TIA COy > il
IKAE I SEE COL R CRRALMFEARN DU AP s ) » WD
17y COy » RREZUKIHHE A BRoK » DU A IR #E LB 35488 (dual inlet
isotope-ratio mass spectrometer, DI-IRMS ) 4347225 9)/E Bl A& 17K B
WIREE ESARINT A © [R5 m/z 44 = CO, =
2C'*0'°0 ~ m/z 45 = CO, = °C'°0'° ~ K m/z 46 = CO, = C'°0" » &
PRSI G T - ARG, TRAME (87%0), #&
7T< o
BEYE K-
BREE © BEALEREERY 60 mL B - 25 &1 (Polyseal conical insert
cap ) DARHEZR S < KRR R BRI » IS4 B2 =
LAk [HZ= 05 R

(3) AR AR T-H IR (ks
FEEL © ATTEE A PR ST 20 me/L. 2 At 1

(sulfate ) o /KRR EEAREE DL BaCl, 76 pH3 & 4 {2705

BaSO, » W ~ HZE% > A5 %E (tin capsule) N > AR EA
U CO,, ~ Ny, ~ S Oy, 8 GC AEFE 57t > HEA IRMS > [FIREAGIH] m/z 64
= S0, =¥8"0"0 + m/z 66 = SO, = *S'°0'0 » KEEBS AT IS - A
FHERBEETE > Al SR DL TRRRIAZEE (8'S) ) ok -
AR ¢ IREELE DA J@ TR OB E AR Sulfate J% sulfide
RIS > ZKERZEE A 20 mg/L. Z AR (sulfate ) 3L - HANH]
& sulfide » ZKBEAIETE 47-mm 0.4 L m PCM 33 > BEERY 1 L 2 Bk

BN -
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WK sulfide » PR WK ERIREE A 2254 - Bl sulfide S (LK
Sulfate » SZ2E5 TS HL « 415 sulfide J 5 #33# 0.01 mg/L 5§ Sulfate/sulfide
VREEEL/ IR 40 SEEELL 1 MHCT SRR pH=3 £ 4 £ DIGREER
%910 25 20 434% > {iff sulfide J275/1NiA 0.01 me/L -
RUBEEEAZER © /KBTI 1 M HCE(#9 438 F% pH=3 % 4 7% /2 90°C
P 45 S35 (ARG carbonate L CO, KBRS AAHY » I
FHIA 6 mL 6 % Hy0, % k7K organic sulfur % SO, - organic carbon
2 CO,) > fIIA 5 mL 20 % BaCL T2 BaSOy » BEIRISIEHAIE 50
C oS (AR - LL02-um GTTPPCM (SEFFEL) i » LI
F/KDIW) EYE  ERHETE 00CRzE: - FRERL » B NEHE » HAY
A) (DARIA Sttt 20 fARa s FEEs « 7569 0.3mg (£ 0.010 mg)
FRERHASAMRA I 600 12 g of V2Os  ALZEFAEELAC » £EHH EA/IRMS
G3HT o

(4) AR AR TR EIR ks
FREE TR PR IE ZKER B R AR~ nitrate (NO3) 48 R A2 [F
AEFELLAE - SCN/PNFES RS 8PN ~ 6 (P0r°0) > filiE 5 8'°0 « skift
TEMAREE - > ARSI 150047 « %M (Pseudomonas
aureofaciens ) W] B NO5™ fE#{#i5 N,O:

NO;~ — NO, — NO — 1/2N,0

N,O » 87K (a layered Mg(ClO,) /Ascarite trap ) ~ A (AR
WHRBZT ) WM o BT TG - NoO FIiRR 2k - 48 GC &k
Sy o EAIRMS > [RIRFIHIE 215053 m/z = 44 = N,O = “NUN'°O
m/z = 45 = N;O=""N"N"°0 5 "“"N"N"0~m/z = 46 = N,O = “N'*N"*0-
e | BRI S & PE )i ( high-density polyethylene scintillation

vial with Polyseal cap ) » £/ ii5545 125 mL » ¥ el F it 4 °C o DURHK
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TAERINETE > ZKERZARS 0.45- 1 m 38 - BRAERRIREE RS 0.03 me
%\/kg B o
IR : A AE LR & 5% P. aurcofaciens Rk (i [ tryptic soy broth
(TSB) medium * JIIA 10 mM NOs~ 5z 15 mM NH4" o fHE & oefealis
H (5 mL) g E— K SRR RS RS 500 mL 558 BRI 580
mL MITE LR - £GH S £ 10 HEFE - #EOMEE - IIA 100 mL A5
NO;™ HJ(TSB) medium » K EEI=#HEANER 3 mL JIA 20 mL JHZ2/] Vil
(headspace vial ) H o FHEEFRBEBIALIVAY ST Fr (Teflon-lined silicone
septum ) FEN/INIE Sl FHSSRIRYE 1 /NFF = BEIRE » A5/ Ny TSB
JERZA T NO; FIREffIAR (NOy™ ) » JHF 22 ERL 7o He » g
NO,™ = EslfrBdfigy/ Mg SIEIIAZAT NOs#7 1 2 10 mL HYZKER -
DIGERIH AT N2O BYPRRERI S 10~20 nmol » B EE > DIEAD
2 7INEF > DUERRH NOs RS NoO R o WA » G
32-position aluminum tray that is accessed by the autosampler © 437 i
IF > DL ISODAT 2.0 mass spectrometer program H #2455 » 254 30 mL/min
W 13 38tk - R8RIK ~ RESEAAHACR - Z 8 ik - DL
EA/IRMS 347
(5) Ak FBeRslE TSR A
FEEE © AT SRS 7R AR~ (NH ) S R PR A -
SCN/MNIFESES 87N = ZKEENIA MgO » #% pH fiffE 9 DAL > DU
16 NH, FEA 1 NH; S8 St & B R SN B iiiAE (GF) it
&2 (LA polypropylene membrane filters £5% ) » T 4% (NHy) 2SO, >
47 (NH4 ) 2S04 .2 GF §z8t% » #8H EA PABEIEHAY, CO,,~ Ny~ SO,
8 GCARES e HE A IRMS » [RGB 53 m/z 28 = Np = NN;

m/z 29 = N, = NN -
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PRER

FE N EREE A S22 PE i, (high-density polyethylene scintillation vial
with Polyseal cap ) » /5349 1000 mL » #RESHTEUKEEREER » KEE
JRR 0.45- m WY - BH—EE[HZE - IARRERED pH=2 (FLERNII
B mAlEf R =R o SRR RIREERY 0.2 mg &Uke B e

Hii B

AR E. - I TEM— 2P LIRS & 1-em HSEH 20
L #3 mol / L AR ESN GF / C gl » /AR IS SR Mg
(] o DA vl m) N Btz il T —(E BRI - RN
FEEE R SIS im0 AR - Y —(E B R EACEE. - 3%
HEACREE AT LIRS RAHEE » G AAE ISR AR AR LDl -

60 mL AR HDPE Jf > A 2 8¢ 3 1 mol NHs" 30mL FY7KAR
60 mL FHfEyeY) HDPE Jif > A 2 B¢ 3 1 mol NHy™ #Y[RI(\[FE 2%
PP (200 2 300 L of 5 mmol/. (NH4),SO04 DL HaSO, #i#4% pH
=2) > SrHINAZEBEF7K (DIW) {HEHISHEESAT 30mL - A LiOH
FEER pH=2.0~2.5 » 43I NaCl » DU i 2247 35 o/L > 1]
B NHs HOVA AR RGN H B ERE - AIEE T RS = A
FOSEEEME o QISER R HEAEEE W 30 mL - FHEHAUER SR DIGTR
R T2 SRR -
e A RS S YV E R T IR A
JIA MgO (0.35-1.0 g) » DABE S pH fiE - Slf#E# NH,™ 2 NH; > T728]]
RO 2541 » DABG 1E SR8 NH; 225 - DUHIAIHSAERY DIW » AKR[FIRRHY
Ji Bl —E A2 AR o IR 45°C N 0 T SHE 72 /NKE - HY
Y » ERMERIRIE T - FEEZZHGE 40C NHZER 2 /NEF - RESARR
tt IR Az e (elass desiccator ) P25 —/ MR BE T A
R MR ORI S - TR P 24 /NS RS B BB

18/33
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AU 2 38 « $i1T IRMS 43477 6 PN 1K » 14 GF/ C SRS -

BAPEIBYE > JTBLAC - DL EA-IRMS #1750

(6) 7K s L IERERBARBIA il
FRE © AT FIAE K P MEERE (dissolved inorganic carbon
(DIC) )2 filalfir kLA 8 Ce i A ammoniacal strontium chloride (SrCl2)
solution 7k DIC JE % strontium carbonate (SrCO3)7{J# » SrCO5 Eil
100-percent phosphoric acid (H3PO-)EH @A CO, » AL ~ #lifki% -
LA dual inlet isotope-ratio mass spectrometry (DI-IRMS)7347 » F 227
m/z 44 = CO, = '*C'°0'°0; m/z 45 = CO, = °C'°0'°0 X HSY m/z
46 = CO, = 2C'°0"0 » FHH! §°C i -
BRER
B IR EE NS % 5 PE Jffl. (high-density polyethylene scintillation vial
with Polyseal cap )» /2w /KR L » FHENT 15 mL- £ 250 mL~1
L BRARZEEE S - BRI COL (755 » £/ SrCO;3 (dry weight) I
FERS 50 mg o BRALERAFR 4°C -
iR
100 mL 7KL DA 1mL ammoniacal strontium chloride (SrClz)
solution * AEF IR T » HRIE 24 /NKF » DL 0.45um #8yE » DAZKER /KL
7R P > B RS2 glass Petri dish > £F 90°C #4452 > DL 250- £ m
W - PRI 35 me » &R SEE > S5 — IR BZEEE R IIA 2 mL of
100-percent H3POy4 [ > #F FIHIZE 581 » #F 2 mL of 100-percent
H3PO, TRMEIR SUEE - FEA i COy » Bmiiftifl - DL DI-IRMS
VAN

(7) [ A o 2

FEEE : [HEER RS EA AL CO,, ~ Ny, ~ S Oy, 0 #8 GC 45 M08 >
YA IRMS o [F]I#A60H m/z 64 = SO, = *2S'°0™0 ~ m/z 66 = SO, =
348160160y o
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N2

B R EE A= 5 PE Jffl. (high-density polyethylene scintillation vial

with Polyseal cap ) » Bk (BRI RS 1 me /g FUBE S > AILRIIER

FA -

SZYPE  barium sulfates (BaSO,)

AiipREE

FR B AL 90 C Rz » B 100 2 200 £ m * ¥ 0.3mg B SiA
PP~ I 600 1 g of V205 » HLZEFREAREL AR o (R MTRT R

4 pre-test > WIPL AT HEETURIYEH - ]
(8) [l rFampeR A g r ke

FEEL © AT AAE SRR S P R S SR [FI 3R LEAE
S(ON/MNfif S 8N ~ 8(PC/ P C)fif 5 5% 81°C » [l S A 852 (tin
capsule )N K81 EA #5450 CO,,~ N, » 8 GC AL HEA IRMS >
[EIREREH 284 miz 28 = No = “NYN; m/z 29 =N, = ""NPN > 5%
HiB m/z 30 = NO = “N'°0 » AR TFYEUERE R e 4 o ME
%53 m/z 44 = CO, = *C'°0'°0; m/z 45 = CO, = °C'°0'°0 J &5
m/z 46 = CO, = *C'°0"0 -

BZYE ¢ L-glutamic acid (HO,CCH,CH,(NH,)CO,H)

BREk

B IR EE NS 5 PE Jffl. (high-density polyethylene scintillation vial
with Polyseal cap ) > #5152 0.15~1 g » Bl {KI=AE E 1 me &g M 1
mg fifk/g FIRR N > AR ER -

HiBREE

BETHEHERAE 90 CHZRE » BRI 100 2 200 1 m » B BT AL UHE
LIMS-LSI( Light Stable Isotope )&k » & A= #7159 0.8 mg(+ 0.010
mg) FREAEEMRAN - IR -

20/33



(9)

BRI AT T e pre-test GHIEE N/C JREEELHI » 4572 N/IC>9
HIN Kz C [ Z25 Bibeifl] ) » At vl e ARy B i - ]
il Rl e L n DN wilhve s
S - AT AT [ AR 5L - i AU £~ nitrate (NO3) U,
ZIFINZZEELAE - 8CON/MNYEEIFE 8N ~ 6 (P0/°0), fili%s 5 80 -
[l s PR AR T~ R VAR /K (called leaching ) » DL G MR JT1577
17 o 250 (Pseudomonas aureofaciens) Ti] % NO3 i N,O:

NO;” —> NO,” —> NO — 12N,0

NoO ATHE/K FR AR I » #8Z57K (a layered Mg(ClO4) /Ascarite trap ) »
WHRHRE RIS - FEBUAVRIBE T o BB TR » NoO J iRl
2 £8 GC RS E » HEA IRMS » [FIIREAGH 2 2255 m/z = 44 = N,O
= “N"N'"0 m/z = 45 = N,O=""N"N"0 & “N""N""0m/z = 46 = N,0
= “N“N"0 -
BZYE : KNO;

LIRSS A 5245 PE )L ( high-density polyethylene scintillation vial

with Polyseal cap ) » ££/575#7 30 g » Bt RIS 0.03 mg kg 1Y
Pt BRI IRE R - DADG IR EE B A P E Y 5 R
B NOs™ - ANEIIIERA R -

Lz RE

Ikl 30 mg » &R 150-mL BEAS - fA 80 mL K7k
(DIW) > H3FR4)  JREREA - 3l ~ LA 10-mL DIW /S P8 (G
HEREAN AT 300 mL DIW ) » JHIGE NO;™ HYIRIE o HERDEREL Tk
PR IRAR BT FR A R A 2 A AHTR] -

ﬂﬂ%

/
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Y~ S EERER
(—) TBRBEFEISRAE KBRS oA R | i

LR AR E PRI S B R V5 YA - A eh el
IIHT » T T R — (S SRS - DEEE S RS L
FEH FI TS YRS R 5 ~ 7K ~ HEBRILEE ~ (RO ~ AR L
Bt ST A T e DS YA S Y AR A
TESAGT I YA TS - SR AR B R S B
AR M 32 53R B P DT E P A BT 5 Yt

2 TR AR A (SRS R 2B - 5
A BRI T R -

(=) SBEHME T SR B FE AT Reston FRE(FIN £ ERE (US.

Geological Survey(USGS) Reston Stable Isotope Laboratory (RSIL)) :
AT CHE T B SRR TR BRI S5 - 58] 9
TR S YRR MR » TR ARAATIEr E R -
2.RSIL B AN ZAEED BT W U e A - TS NIST Ji%
fif NBS22 (55— oil) 1R A SR ET » N DML
BRZPFITR 0.2 85 » EAGFFT » PSR - DL TR
[FIfE LR | 40477 © R RSIL T4 NBS22-0.25uL [F i 4mHE)
B i ol WISV (silver tube ) 1 LI TGS RR/ A
FELEIAE ) AT o WL - T4 R BRNE AR R HE R - 4
AR 8 F 75 NBS22-0.25uL [F)fi S AHEYYET - 7
T HET R 2 B o

3PN TR 6 BR4F » RSIL pT7 A543 30 LIRS » MR
PR o Y BT S OSSR - AT AT
AR ARSI RIS 1 o
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bfff4—. & — Agenda for

"Environmental Isotope in Groundwater Resources and

Contaminant Hydrogeology
Day 1 (2012.11.08)

7 130 a.m.

Registration

8 1 00 am.

Course introduction and introduction to environmental

isotopes

*Basics of stable and radioactive isotopes

*[sotopes routinely used in hydrogeology

[sotopes fractionation — theory and application in the
hydrological cycle

10 © 00 a.m.

Break

10 : 15 a.m.

Tackling the problems of groundwater resources with stable
environmental isotopes

*Tracing the recharge origin of groundwater

e[dentifying and quantifying evaporation and water balance
*Groundwater/surface water interaction

*Tracing groundwater mixing with isotopes

*Case studies of groundwater recharge in temperate and arid

regions

12 : 00 p.m.

Lunch (on your own)

1:00p.m.

Groundwater dating — rates of groundwater circulation
*Tritium methods for modern groundwaters

*Radiocarbon for paleo groundwaters

3:00p.m.

Break

3:15p.m.

Isotope sampling and analytical programs
*Objectives and data requirements

*Review of analytical methods

500 p.m.

Course adjourns for the day

Day2 (2012.11.09)

8 1 00 am.

Introduction to environmental isotopes in contaminant
hydrogeology
*Range of applications

*Routine methods and upcoming isotope techniques

10 © 00 a.m.

Break

10 : 15 a.m.

Groundwater contaminants in agricultural and urban settings
Nitrate sources and transformation

*Role of riparian zones in nitrate attenuation

25/33




e[nfiltration from fields to regional aquifers
eImpact due to leakage of sewage and water distribution
networks
12 : 00 p.m. Lunch (on your own)
1:00p.m. Industrial sources of groundwater contamination
*Fuel and DNAPL spills — compound-specific isotope
analysis to trace sources and degradation of organic
compounds
*Monitoring in situ oxidation of chlorinated solvents by
permanganate
3:00p.m. Break
3:15 pm. Industrial sources of groundwater contamination (continued)
*Ammonia sources and transformations at industrial sites
*Mining camp — tracing mine inflows, tailings environment
4 30 p.m. Special topic: If the group is interested and if there is
sufficient time, application of isotopes in landfill studies will
be discussed
5100 p.m. Course adjourns

bf—. — TEnvironmental Isotope inGroundwater Resources and Contaminant
Hydrogeology | B E#H

Ramon Aravena
University of Waterloo
Earth Sciences
Waterloo ON

Canada

Li-Shiar Chen
Zhongli City
Taiwan

Matt Gozdor
Geosyntec
Riverview, FL

Regina Leveratte
SRPMIC
Scottsdale, AZ

Crystal Rinas )
Golder Associates Ltd
Saskatoon SK

Canada

NGWA Short Course: Environmental Isotopes in Groundwater Resources and Contaminant Hydrogeology (#394)

Orlando, Florida » November 8-9, 2012

David Barnes Michael Bateman

University of Alaska Fairbanks Hy-Tech Environmental Sarvices
Duckeering Plant City, FL

Fairbanks, AK

lan Clark Bruce Fowler

University of Ottawa Sevee & Maher Engineers Inc.
Ottawa ON Cumberiand Center, ME
Canada

Crystal Klein Marty Leedy

Golder Associates Ltd American Electric Power
Saskatoon SK Columbus, OH

Canada

Meddie Perry Marie-Amelie Petre

VHB ’ Quebec QC

North Ferrisburgh, VT Canada

MNebiyu Tirunsh
Muclear Regulatory Commission
Rockville, MD
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National Ground Water Association
Certificate of

Presented to

Li-Shiar Chen

For attendance and participation in the
Emnvironmental Isotopes in Groundwater
Resources and Contaminant Hydrogeology #394
in Las Orlando, Florida

Hovember 3-3, 2012 Instruckor(s)

1.5 CEUs Ian Clark, Ph.D., &
Rarmom Aravena, Ph.D.

nationa

|
ground water .
association
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GasBench for hydrogen i1sotope analysis
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GasBench for nitrogen isotope analysis
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BEAIRLIR S SN IBCEEAE (GF) EIIPAHRIEE

—

fetE R eSS (for mmonium method )
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RRMEEE

EA/IRMS for nitrogen and oxygen isotope analysis
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