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ATM 2t

iy =

1)
G C / MS (@) ] 1 1 4y o
ot = A 3
v
= | W7|™ s (HAMICHEte ststalolstatnt), ZRIY SIAHCHA A TisteAlEE ) l*; »
r .
Oietel 3ol U £5 |
—— Stimulant (2}4H) — Amph , Methampt
bR B2, 37191, ok 53 I fEAES 9 T EFAAEEA Nicotine, Caffeine
2 Hgow e A3 A8 vpHAE-S veRlY A%
=) i . R S i KHH), — Opi . .
AgahE Suds Bgel A Bk ol wak Ay Drues A P e Bubltmss, B
2 FUSA AU FREIE AoA vl A g
= Xé }6]'@!?_] }}E %L% ‘:;_]' :I: %}]\7“ H s %iﬂ@,gg\/} Zé/‘\l?ﬁlgi Hallucinogenic agent — Cannabis, Ecstasy, Phencyclidine
12}
sgle] 7| 8= Solc, o
(2@ 1) Classification of drugs for pharmacological action
olgfgh Edo] 9|8 Bl A5~ o]9]e] Aol FBH = APS W
Aa) flatel A WEA S0l lokRa ALY A ¥ wAlR 449 L Awdel B viekRe] B e
BAVIHWHO)O Wt vhopitis oF Aol it &b 3t 2tk
AR A% 2 A2 ), A8 ekt 1 ol Z713)
= ATl glom &S oA o At gla(iiA), AHE:
B Nature — Opium, Cocaine, Heroin, Morphine
2 FA5h 220 ATY] P2 oL Aosnl(FHZA, 7] . D,ugt.w{
Q1o 4517 T AElolE 32 714 ofE HelHo] gl Synthess — Methadone,Pehidins, Berzomorpines
— Psychotropicdrug —— Amphetamine, Methamphetamine,
wlek = gt o 2 A B2 Az wel A viekst rugs —] (g4 HolokE) Ecstasy, Phencyclidine
SkA] Ok TEAAJA] ©]Ok3L 3.0] oral xR Q.
H o U]’"v © o\l o -4*;? EHE]', ] k:lxﬂE "lal’ﬂ ooﬂ Lq—E]— | Cannabis sativa —— Cannabis
SEA A} AAAFEAN R, 28ar ofEAd wef 5 (ceh
T x] okELyl 2=y A] O]:Ui E E?;S_P
BICIRA U RUCI S Ik — Inhaler (&2 H)) —— Bond, Gas
A WA 2, okg]zbgol wE nlekRo] EF= thea) 7l (a2l 2) Classification of drugs
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stlmulants) Eb_ 3

(MDMA)E ©]

ol

24do] LrERtaL 672
e 97t @
Aol Hej 2

(3% 3) Structure of Amphetamine type stimulants(ATS)

: Amphetamine(AP), (B) : Methamphetamine(MA)
: 3,4-methylenedioxyamphetamine(MDA)

1 3,4-methylenedioxymethamphetamine(MDMA)

: 3,4-methylenedioxyethylamphetamine(MDEA)

Qb0 7 AP Folgh ) 2080] Ayt FRE w0 ]
AE)7) Ahali Foleke] 20~30%7) WskElA 93w wlalE)
o, vpEAe] WS 2e] o] nret ereict ey
Rl WA Folae] 45%7) 24413 oljo] wAEH of
F 2047} VIMBAOIh, WA A Aol A 244171 ol
1] ol 2] 7897} HEEI of 5 68%7h vINEHA = v
oF. ke o] EAI5HE APS] AR vEEAE 24 e)
Ale] v s,

¥

rlr i, r>J

MA 9A] Fofgh A 20+0] A|vt $5EH Aoz njdE7]
AZVStaL 43%7F WstE A o2 wHEAR wjAdE, F8
ARAIQ] APRE 6~20%, 4-sto]=FA] vl 2~QtoEfel(4-hy-
droxymethamphetamine, HMA)2. 2 10%7} =%t} w
2hA] Aol E=aek: MAS] A= mPagA| o =8 tiAHAI)]
AP 52 HMAE &A] £418h= Zlo] nig=lsitt w4 MA
Fopate] A9 2 F MA 2 APS) s 27F 25~300 pg/

ml % 1~90 pg/mLE S745H APS] &2 H 2 4214 3
i 30%714] wiEH T Bk k.

chop Alg
tjulZ(cannabis)i= 4004 & o)< sstE Az FAIE M %]
H7HA oF 6091 F ool dimt A&l £ - FlE o]
% HEZs}o|= 27| &= (tetrahydrocannabinol, THC)
3} gl Eg}sto] = 2 7hm]uld (tetrahydrocannabivarin) 4
wako] g7t Eapt 9l Ao ® A 9low, THCE B4
o] o]F AT Aol whe} ASTHCS A-THC F F5H7F A4
st} A-THCE 1/100,000 mg WHe. 2 % Sz E| S do )
T Slo] ATHCE ol e thvtzds5 QAo 714

a7} zicka okl A gl

rony

{

[

Ptz FL AAEA oF AAIZE FRE A0 ]
AAkste] kA o = ok A A THCE: §9 %] 1~5%
7 W5} e vWEAIE u A o 95~99%% Tl

8 AR 11-nor-9-carboxy-A-tetrahydrocannabi
nol(THCCOOH)3} 11-hydroxy-tetrahydrocannabinol®] 21
o o] & THCCOOH:= v} F4 o5 AAeh= 7]% A

254 23 05



Anly gz

Rz
R1 R2
Tetrahydrocannabivarine CH; C3H,
AP-tetrahydrocannabinol{ A% -THC) CH; CsHyy
11-hydroxy-THC OH CsHy,y
1-nor-9-carboxy-A*-THC(THCCOOH) COOH CsHyy

(3% 4 Structure of major cannabinoids

Fo] "t} 18} THCCOOH:= AH oA 80% oldo] &
FF21}o] = (glucuronide, Glu) EEA(THCCOOH-Glu) 2|
e E EAEE] wiimel WHEA] Tkl H4-E Aof gk
whba] A4 diekze] AAE THCCOOH-Glug 7Hri

siafel] 2-Aah= Zlo] whAic,

GC/MSE 0|23 ofeie SA| 24

HEA 8 (forensic  toxicology) d 0.2 mleke] FEAe] 75

& 24 AlZ(matrix)= 2% (urine) ¥ #el71e(hair),

(blood), EFl(oral fluid), £ (nail) 5] 1o, Lubgo
-

& 2e3} vlelhete] 7bg go] AHEEaL ek ATSE 4 A

AFg3H BE 31YO07HA] o) s, ek djeki
- 8 ARE AHESHE A 302714 4ol b5 vl
A

{

¢

71 AEE A ATSS o] 90U7HA] #4f0] 71E3lt)
B Aol AREE A AlFE HEgkE AlFd HlEke] B4
7hs 3t 717ke] gk wAlo] gloh A& AA e HAo Y &
A g 2R BAEAS FE3 o] 7HEs = 4ol
o] 2 A EE F8 vk A aAQl Helshy 24 4
o)t & 4= Qlrk

WE=AJSLEQ] mpof BA0) ko 7 19909 SubkA = W
A& A (immuno-assays)©] ol AMSEFIoM, HARA
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Hel BAHS 254 2000 FE = 714 A=efED
3 EAW(gas chromatography, GC), A AZWHE 7
oA A&7 49 (liquid chromatography-ultra
violet detector, LC-UV), 714 A =Zn}E Jefs)-Z -T2
(gas chromatography-mass spectrometry, GC/MS), <A
A 2rle 19-AFE A H(liquid chromatography-mass
spectrometry, LC/MS) 5-©] o] AFS-%1 ik

o] B T GC/MS -8 ATSO tint A5 A S o
HlaA g2 Akl FRHOR FARE 2SS AET
SO el EAY s Aol ok ot ATSH vhekE
AEd} Ui =252 spehH o2 vig- Foleir =
EA8} 5o el M= ohE WS A8-eliof sl wEoll
A Aol o & Aol AR

7)
reviewslal o] & u}Eko.

U= GC/MS

o
i
o
2
o
21:‘
1_;}
N
o
)

Abat Eoll Tigh Aol A ATSSI MAE A WiellA o
AbEle] MA 43%, AP 6~20%, HMA 10%=, MDMA®
MDMA 156%, HMMA 20%, MDA 2%, MDEA= MDEA
ot MDAE, AP:= AP o] 2 bz 2wls Faf i
AE= ZloR gl vk BEgF diukze] Fa AWl A%
THC= 95~99%7F THCCOOH Ai-o.= W3ls]o] Ao
= ek

wakbA AP, MA, MDA, MDMA, MDEA 5%9] 3§ o}
£ s A Ve AR W FEe Fo grE o
glste] 4743skith MDMA 5-8-013= MDMA% MDAE,
MDEAE MDEA$} MDA, MDAE MDAZ, MA FoF o
H= MASH APE, APE APE 34 7|& AR 2 A3k
t} tjubxe] F41 oji= THCCOOHE o4 7+ Ao s

Aesksivt

B F 639 oFF g oS A Sl 9 2

A o2 24 AP, MA, MDA, MDMA, MDEA, THCCOOH
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EES
GO/MSE ol 43 plof #4jo] 9hi] 24 AR 2E 242
2 FEslok shod) Quro §7180) FEW A

[e]

2 248t} AW AEE Extrelut 7FEFA| Zi q(calrtrldge
column)oll FH3FL 207+ A4 W]}, =& Sl
SMAIEAMNE 3.0 mLE 7IEYA Ayl FYste] FE3)

(QLAVEFER).

22
>

5 25E THCCOOHE F&3h= W2 t3 2

AE 3.0 mLE AlE#(16X125 mm)ol] ¥ - ofA

AhE 7hekel AW pHE 4% 243 4

D olHEARNE(9:1, v/v) 3.0 mLE ¥ 01 20%
- 3000 rpmeoll A 104 FoF YAE e e

gJsto] FEFTHAAL FEH).

£op
B
rE

Ul

l

o MN
M

2H AR 3.0 mLE AE#H(16x125 mm)oll Y2 & oHE
2He 7Fske] e pHE 42 243 vekey) S5
1.0 mL 4 A9 E 2 mL/ming] &% E
A5 BsirIt @45t FtEZA Y AW Al E 2 mL/
min®| £E 2 FYITh A7 FY F wEES A6 9
3 0.1 M 2P YES 2.0 mLE 2 mL/mine] $-2 £
. ZHT 2.0 mLet 4 4.0 mLE AYE 8 mL/min
£E g SErh wajEdoe] A7 E FtE Al 580

Fhsto] &

FX

o

ro

oA EAFE 3.0 mLE 2 mL/ming] =

FeH (LA SFEW).

i
-

orete| F= i st

GC/MSE 01%5& Aol A= ‘?_PE/\] %545}311} ks =

A erﬂ = O]iﬁ-(ionlzatlon)ﬂl o2& o] o] 3= (lon

peak)7} 2 e ] 947

|

A freAlsh S Fal nSEdel EAwES e
O WA Fof o] 237} 2 dou| & Fofof dh
3 HAERo] 4ol 2872 7pH= A 7

[T |

= HE
£
o ox

o
ol
=

(column)oll F=L= A HW &A3ate] jhd-4
AgnpE e me] 7] o
A fck, whabA fEAs 8-S Sl 549 2HU1E A
T EAEAS HSAR] AEVNE RS BEAIA Fof A

2rhe 9e) 18] B7) A4S A7) Folok A,

ATST YA} oW1} o2} ofRl9] ofRI7| & 7= E4o| B R
o} AstE 0] &3 A S A Aot} Yy o ' ofRly] €]
o}23}le] 73 fluorinated anhydridei#2] TFAA, PFPA,
HFAA®} MBTFASH 22 fF=Alst Aeks Bol ARggith
THCCOOHL 712824715 7R EZo| P& o} 23 = o]
&5 FEASF EpAoltt

dukd o 2 Jl2 B A7]9] o} dsle] ¢ anhydrideQ} alco-
hol& 7 AH-834= TFAA/PFPOH, PFPA/PFPOH 52
FEASE Alko &2 Wol ARE3Ith o] thube] F8 *éldr
el ATHCSF 12] ARl THCCOOHS] SAEAl &
o] Ab&E1 Q71 FpANE A-THCY: A3t 348 A
A} AS-THC 9 t?ﬂF/Hi th<= o] A3} (isomerization) ¥
‘“/} o] o, §ufjdl FRZXEES AUk A-THCS] o4
2)\031, o A ol Al TFAATHS: s
F A-THCS] o] & AsT dojuA] e

5+

ojefe| 7tEsi
THCCOOH®] 73, 4% WellA 80% ol’de] THCCOOH-
Glu®] def= iiﬂé‘} | wiEoll GC/MSE ]88k &4ol] 9kA

HIEA] 7F 8l & B3l o5 AlA sl Frofof gl



THCCOOH-Glug 7}isliehs Wols S48 242
& o]&3t Wiio] ety dukdo R A4 Jhgis]
(enzyme hydrolysis)7} E&%]o|u, v|-&-3} A7ke] Wo] A

8.57] wiEol] Helshd BEAo| A= Al A7 & o] 838t /b

weollE wol AHg-skaL itk

2t 74423 (acidic hydroly51s)“ oA o2 wgo] 2kdelA]
gk Al7ke] Wol A Q¥th= wWile] 9l 5
3ll(alkaline hydrolysis)i= At .2 7}p-8)0l A& Q5= Al
Zko] ), whEhA] divkze] S 55 1] fi% 4

AellX= 9714 24 she] @2 ZheEalzt = o8-k

THCCOOH-Glu®] 22 7153
H A1E 3.0 mLE A1E¥#(16X125 mm)ol] €L
25 A7lete] aue] pHE 1002 2dela, &3

mg$ A7FRE ol w2 o)A 102 Fot Eat

o} H= A /\] 1.0 mLE

SA B AxE] P (¥ 5ol Aelsidinh 7keER
3, = 9 FEAste] dAuE AR o ® gt A
7F B BAAEE GC/MSE B8] $lete] FeA3) Al
A8 Gl 7k AAE L - FedEo] 50 pLe] ofA
g2 28 (reconstitute) stk 1 F AE2E Al
Folet(viaDoll &7 Tol 1 s e GC/MSE #-4]3h,

il
[ r
)i

A8 #2418 913k GC/MS= Agilent TechnologiesAl 7890A
Gas Chromatographell 14% 5975C Mass Selective De-
tectorE AHEsI3C) E2l#-2 DB-5MS(30 mx0.25 mm
I.D., 0.25 pm film thickness, J&W Scientific, USA)E A}
gatgion, 71719] AR 278 GE Dell AEshtk

& Aol AR Al whet 20119 TERE 997k T
A2 pshpAbd el of#¥E MASH THCCOOH H-&
&

olz}e] AW AZ(n=13)& A8t
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Urine fo.5 mL)

Add g0 vl of mimed 155

a.gugiml ; AP-dy, MA-d , MDA-d, MDMA-d, MDEA-d,
Lougiml :'I'HE{OCIII-J,

Hydrolysis

Add 125 ul of 6 M NaOH
and react ot 4o 1 for a5 min

Basic extraction

Shake the samphe for 3min {10 opclels) with o8 mb of ethyd acetate
Centrifuge the sample 8t jo,000 g for 7 min
Transber o656 ml of the upper layer 1o a Lest-tube

Acidic extraction
#Add 100 ul of sceticacd
Shalos the samphe fer 3 man with 5.6 ml of n-hacans ; sthyl sortate (g, wiv)

Centrifuge the sample at 30,000 7 for 3 min
Teanafer 0.6 mL of the upper layer ta o test fube

Mixed organic layer

Evaporate the sample at 4o 7 for 7 min

Derivatization
Derivatize at 5o T for 45 men with 5o ul of chilorefioem and o ul of TRAR
Derivatize  to T~ for 30 minwith 30 ul of PFFPOH

Evaporate the sample at 4o 1 for 2 min
Reconstitute the residue with 5o ul of ethyl acetate

GC-MS

(3% 5) Sample preparation steps for analytes

(E 1) Operation conditions of GC/MS

Injection volume @ 1 pL

Inlet temperature : 260 T

Inlet mode : Splitless

Purge flow and time : 22.0 mL/min, 0.3 min
Carrier gas flow : 1.2 mL/min

Equilibrium time : 0.1 min

Run time : 15.5 min

GC conditions

Post-run time : 0.5 min

lonization : El

Aquisition mode : SIM

Electron energy : 70 eV

Electron multiplier voltage : 1200V

lon source temperature : 150 T

MSD transfer line temperature : 300 T

MS conditions



(& 2) Concentration range, mean, median and number of analytes

in real sample
range mean median
(ng/mL) (ng/mL) (ng/mL) 0| e
MA 5.06-414.17 250.33 268.34 13 10
AP 7.97-143.84 83.07 84.66 13 10
THCCOOH  6.69-229.05 60.90 20.66 13 9
280000
blank
240000
200000
160000
120000
o L
A0
ow W‘}\""I“"‘ i BB ™,
11.00 12.00 13,00
280000
blank spiked IS
240000
200000
160000
120000
40000

1100 12.00 13.00
MA
1500000 — blank spiked STD & IS
MDA
1 200000
AP
SO0
00000
MDEA
I e
n
| THOCOOH
D I PRI V0 Y SR
600 7.00 .00 10.00 100 12,00 13,00
/ jpositive urine sample
500000
AOOO00
00000
200000

(2 6) Total ion chromatograms in SIM mode.
Concentration of spiked standards are 500 ng/mL and THCCOOH-ds is
80 ng/mL and the other internal standards are 40 ng/mL in urine

MA9] A% %% 5.06~414.17 ng/mL, AP 7.97~143.84
ng/mL, THCCOOH= 6.69~229.05 ng/mLe] H<9IE 7}
Wk 1370] Alg B o vk Al el M Abgeh
routine AT} HS:gE X5 RO, R HE el
Al MAS+ THCCOOH E5 4391 A== 670tk 1 5 3
o] MA wae A R 292, A 1] el E3
7] ek om tiAI) AP7F &5 4] @ok MAY thal gl
2k ek 4= glslh

W BANS ol ST AA RS ARE GE 2)d At

N EEZAE o A,
tal io

D
':T‘
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1. Seon Yeong Kim, Jin Young Kim, Woonyong Kwon, Moon Kyo In,
Young Eun Kim, Ki-Jung Paeng, Microchemical Journal, 2013,
110, 326.

2. L&, OlorREE#A, 2009

w

. Frederick P. Smith, Sotiris A. Athanaselis, Maciej J. Bogusz, Hand-
book of Forensic drug analysis, 2004

4. Lillian A. Mundt, Textbook of Urinalysis and Body Fluids, 2010

. Tsadik T. Abraham, Allan J. Barnes, Ross H. Lowe, Marilyn A.
Huestis, Journal of Analytical Toxicology, 2009, 33, 439

[$)]

6. Nieves Pizarro, Magi Farré, Mitona Pujadas, Rafael de al Torre,
Drug metabolism and Disposition, 2004, 32, 1001

7. Dupont Company, Gas Chromatography Derivatization, 2010
8. Oliver Lerch, Peter Zinn, Journal of Chromatography A, 2003, 991, 77
9. Hans H. Maurer, Therapeutic Drug Monitoring, 2002, 24, 247

10. Aino Kankaanpaa, Teemu Gunnar, Kari Ariniemi, Pirjo Lillsunde,
Sirpa Mykkanen, Timo seppald, Jornal of Chromatography B,
2004, 810, 57

11. Uppsala University, Drug analysis bioanalytical method develop-
ment and validation, 2008

12. Jin Young Kim, Jae Chul Cheong, Jae Il Lee, Ju Hee Son, Moon
Kyo In, Journal of Forensic Sciences, 2012, 57 (1), 228
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Sam?ple Prepavation
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NEH2| 33

AERETEREREEEE D
& H W) 2 39 =
How @& 4 It BE AL Yehi] 1

= 3o,
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o w24, oo wee] glo] Almel A, B
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Jak2 7127 Ak
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M
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>

AEAAE AErkE ey B % 2dEy AL A%
S ot}t, ARmEH Y £48 HY = ICP-MS,
AA 3= NMRE F93] 9130 428t #2ske 98
Emau & Fpgelut. ol AEAAE
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Time Spent on Typical Chromatographic Analysis

Dats monogement [27%)
Collection (%)
- Amalysis (§%)

Somple processing (61%)

[hata taken fom Aglent Technologes survey

(122 2) A=t 02T £A| - A2 AlZHAgilent TechnologiesAt M2 ZAIZD})

Sources of Error Generated During Chromatographic Analysis

Comtmminatinn 1% Sommyle tort e £im {7
Chromstagraghry | 1|
Ealumas [11%]
Fort e stz (B 40]
Dperaten (18] st (1)
Calibe s (8]
- — Sample et exsing (%]
Chaita Endei im Aglertt Teckroknges sy

(18 3) ZZotETen ALY F ZH Lyl

Jm
nE
N
ok
-
e



Sd 7|8 ARAE| £F4 O] Al2|=

o Azo] EASHE RE R E] Fasle] Qolok sz A
SR 2i7te] S AR 9150949 4
AHEst JES YA

27l ofsl AT Q= B4 Aske) O, HgEel
U SHEE 2Y 5 1, A BRas] 2a8 A7

A E2232| e 7t0|=
whpA] At 24 S ffa) EAell Ast2 Alg A
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- Principles and Applications of lon Mobility Spectrometry, Dong—Sun
LEE, Analytical Science & Technology, Vol. 14, No. 1, 11A-23A, 2001

- FAIMS-White Paper(OWL-WP-1 v3.0 21-3-06), Owlstone, 2006
- UltraFAIMS customer training slides—part 1, Owlstone, 2014
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3 6495 Triple Quadrupole LC/MS A|4~8lS- 7]3 Al

doj|A] 7]o] olu] FHHE Agilent Jet Stream o]3}3}
dual stage ion funnelS AF&-3hc) 7H= dFAFo 2 w3 WA
ol AXIL AW =g UL NAEEA B B A&
oA FAE 4= QA HAh =S 5]4S T HR4E A Al
5 FEEY W7|EFol2s MiEy A BIE FHAgE 5 )
A =) AR EAe] S AEAS S E SIS

E3}o] AR A} sk,

A3
NOETE DEL
Aot 2! g0y

HPLC E&= LC/MS S22 At

Acetonitrile & methanol
Honeywell(Morristown, NJ, USA)0i|A{ <204

Ultrapure water
LC-Pak Polisher@t 0.22 um BE|Ql ZEf 7IEZ|X7+ HEE Milli-Q
Integral AI2E(EMD Millipore, Billerica, MA, USA)MIA ®|Z=

Formic acid
Fluka(Sigma=-Aldrich Corp., St. Louis, MO, USA)0f|Af <*0f

Ammonium formate solution (5 M)
Agilent(p/n G1946-85021)0llA .04

o
S

LS 29| 52F2 Agilent comprehensive pesticide standard mixture(p/n
5190-0551)2 AtE, F7t 5% 2A =2 Fluka(Sigma-Aldrich Corp., St.
Louis MO, USA)o{lA 204

Comprehensive pesticide mixture®] 8 Z mixtureE<
Z7} =k £33} stock solution® &£

A5te] 10 pg/mLe] 250%F ol/de] #F

3l B acetonitrile ® 3
= 1o
o O

°F working solu-

tion Az o] 9 QUEChERS 55 7F 2 A
B A7 Azl AFEHATE &5 acetonitriledl] A 0.02~100

ng/mL FEWIZ 87 A4 ABE FHlsksi

Al 2Tz

32k, QA 9 BEulE Alg= A Ammdda] sk

Agilent BondElut QUEChERS kit(p/n 5982-5650)Z ©]

43}9] citrate buffered QUEChERS X2 EFo] ujg} Alg
TEO]' ‘:]'
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mary secondary amined ©]-&3h dlsperswe SPE(PSA,
p/n 5982-5256)% FE &S A8t Agilent BondElut
QuEChERS EN dispersive SPE tube(p/n 5982-5356H)%-
graphitized carbon black(GCB)o] 23% 7o 2 &3} A5

& A Eatel HE FEEN MR & 57 TR
comprehensive pesticides working solutionS 71s+$312,
acetonitrile® 1:5, 1:10, 1:20 2 1:100 ¥ &2 3433t} Al

E % A matrix matched standards 3 34 2}¢1S
3F9a, b wHE Z7d3keict

0
=

oX,

i w2 Agilent 1290 Infinity UHPLC A]=€lo.2 18]
Foack o] Al2~Ele- Agilent 1290 Binary Pump(G4220A),
Agilent 1290 Infinity High Performance Autosampler
(G4226A), Sample Cooler(G1330B), % Agilent 1290 Infin-
ity Thermostatted Column Compartment(G1316C)= -4
HJick. UHPLC A2~ Agilent Jet Stream #7]%-5-0]-&
3}-lo] 2ke Agilent 6495 Triple Quadrupole LC/MS A2~
dlo]] AA¥ a1, Agilent MassHunter Workstation 4232 E
91°1(B.07.00)= dloJE] 25 2 F-Ao] ZFH ]

i
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Agilent 1290 Infinity UHPLC A|AE!

Agilent ZORBAX RRHD Eclipse Plus C18,
2.1%x150 mm, 1.8 um(p/n 959759-902)

Column
Column temperature 40 °C

Injection volume 2 pL

Speed Draw 100 L/min, Eject 200 L/min

Autosampler temp  6°C

Needle wash 10 s with acetonitrile/water(50/50; v/v)
A) 5 mM ammonium formate+0.1% formic acid
Mobile phase B) 5 mM ammonium formate+0.1% formic acid
in methanol
Flow rate 0.4 mL/min
Time  B%
0 5
0.5 5
Gradient program 81 50
17.0 100
20.0 100
20.1 5
Stop time 20.1 min
Post time 3 min

Agilent 6495 Triple Quadrupole LC/MS A|AH]

lon mode Positive and negative ESI with Agilent Jet Stream
Scan type Dynamic MRM

Drying gas tem- 120°C

perature

Drying gas flow 17 L/min

Sheath gas tem- 300°C

perature

Sheath gas flow 12 L/min

Nebulizer pressure 30 psi

3,500(pos/neg)

300 V(pos); 500 V(neg)
500 msec

Capillary voltage
Nozzle voltage
Cycle time

Total number of

MRMs 532(positive: 509/negative: 23)

Maximum number of 68
concurrent MBRMs

Minimum dwell time  5.10 ms
Maximum dwell time  249.09ms

MS1 and MS2

. Unit
resolution

20 el Lab.Highlight_vol.66

ZpA ol 0] &l B & ouR|9] 3 gk £l Agilent
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% %22 2 45 UHPLC/MS/MSel #93kict

Agilent Quantitative analysis 2~ Egj|ojol| A dHlo]E] H7}=
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A5 stqint St i ER 0] HAAZFIA(LLOQS)
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-
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IDLE 2125 99% oA vl o 28H AS9aE
Ao R TR 4 QU BAZe] Hawow Hejgr). o
e ould sekd e wAsl FuAo R S48t A%
o) ul(S/N)E 38 5 9l7] el QAFAel BAlel u) -
orgrom AR F% %< ol 543 u BN o] AU 2
A1 peEo] ujs Fesit)

2y Es

UHPLC/MS/MSH 7Ht

Agilent Pesticide tMRM LC/MS Application Kit= 7Hgt
3t ok A~ A2l 6495 Triple Quadrupole LC/MS Al
2Elof] HEA AT #A A= B 7HA Ao AxAES 23
7] Y8l S e, wE polarity switchinge] 4

SHA

‘il whet et FE olUA] 2 cell acceleration volt-

| A=A HA FrellA] ot =
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Analytes Nt() dﬂution Dilutign 1:5 Dilutio_n 1:10 DiIutio_n 1:20 Dilutio_n 1:50 DiIutioE 1:100
n=>5) (n=5) (n=15) (n=5) (n=5) (n = 5)
Acetamiprid 29.4 £0.8 573t 1.4 67.5 + 3.7 799 + 29 91.8 £5.2 1095 = 3.4
Alanycarb 10.4 £ 1.3 739 £ 2.2 81.5 + 14.3 85.7 = 11.1 876 £ 4.7 121.7 £ 10.8
Aldicarb 36.9 = 1.0 69.9 + 1.4 78.0 £ 3.5 91.0 £ 4.2 95.2 £ 8.8 104.9 £ 141
Carbaryl 56.9 = 1.8 80.1 = 3.8 80.8 £ 4.1 96.1 £ 7.2 102.6 £ 6.6 116.4 £ 9.6
Dimethoate 339 %17 68.6 = 2.4 84.1 £5.4 89.0 £ 7.9 88.2 = 8.8 84.7 =75
Diuron 79.7 £ 4.0 90.4 = 7.0 91.7 £ 4.9 949 + 7.2 89.2 £ 73 100.9 = 13.5
Flufenoxuron 95.4 £ 1.1 88.8 = 1.6 89.4 £ 3.8 93.3 £5.8 100.0 £ 6.1 119.2 = 13.9
Monocrotophos 46 +0.3 139 £0.3 21.8 0.8 33.8 £ 1.1 58.5 = 2.0 95.1 £ 5.7
Oxamy| 208 + 07 526 + 1.9 65.0 + 2.0 797 £ 3.0 912+ 46 1106 + 5.2
Thiamethoxam ~ 40.0 + 1.4 45.9 + 09 466 + 38 522 % 17 709 + 2.9 97.3 £ 2.0
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. Regulation(EC) No 396/2005 of the European Parliament and of the

Council of 23 February 2005 on maximum residue levels of pesticides in
or on food and feed of plant and animal origin(including amendments as
of 18 March 2008) and complying with regulation(EC) 1107/2009.

Guidance document on analytical quality control and validation proce-
dures for pesticide residues analysis in food and feed. Document N°
SANCO0/12571/2013. Implemented by 01/01/2014. http://www.eurl-pesti-
cides.eu/ library/docs/allcrl/AqcGuidance_Sanco_2013_12571.pdf

. Stahnke, H, et al. Reduction of Matrix Effects in Liquid Chromatography-

Electrospray lonization-Mass Spectrometry by Dilution of the Sample
Extracts: How Much Dilution is Needed? Anal. Chem. 2012, 84, pp 1474-
1482(incl. supporting information).

. Parra, N.P., Taylor, L. Why Instrument Detection Limit(IDL) is a Better

Metric for Determining the Sensitivity of Triple Quadrupole LC/MS Sys-
tems. Agilent Technologies Technical Overview, publication number 5991
4089EN, 2014.
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Percent Recovery Test - JP 16 2.59 Standard Solutions

|Testing Avadable TOC Technologies for Compliance '
Recowery %
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[AMETEK ORTEC] ICS(Integrated Cryocooling System)
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Specification

Dimensions dE7|of met ohE
Weight 18 kg

Hardened Cryostat Yes

Compatible Endcap Windows ~ Aluminum, Carbon Fiber, Beryllium

Environmental Temp. : (-10~40 T),
Humidity : non—-condensing
70 W typical, 130 W maximum

4 LED Lights indicates : Power, Cold,
Cooler, preamp count rate

Typical Power Consumption
Status Display

Low-Background Option Yes
Cooler Life ) 200,000 hours

Maintenance

Easily removable, washable inlet air filter

Optional stand(ISC-STAND) is available

Stand Compatibility
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PCR Al 1A 74

PCR-2 Polymerase chain reaction®] 9FAk2 & 24 Aauk - — 2
HEY HEHS g
Solekat ek DNA A 3 Bjshs dnpue ggoz 5
_ o ProFlex 3x32 well PCR system 4484073 1 ea
ZA7)E W 0.2 1985\ 6l 7iE AldRele). Al frd=d
o zAshe] AFElis o] IR A AFEElaL 9= FAAPE MicroAmp 8-Cap Strip N8010535 2 ea
O 7 AEFE dote 54 34 FHEE S SEsk Uiloltt MicroAmp 8-Tube Strip, 0.2 mL N8010580 2 ea
AmpliTag Gold DNA Polymerase 4311806 1 ea
STHEL A WGl oal 4] FHAEEETEH A7) £A o
Sequence Detection Primer 4304970 1ea

53] Atall PCR Al S o8-8 vl A&l 45
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2 hoirs 1 1 ]
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% PCR | (thermal cycler) §-E] 223 A2k7kA] o
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gelo] Qlo] FAld M= thE 3o 2R EFS AFEE I 9l
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CORNING

FImAL o} Aete AEAT &34

A2 Corning® Cell Cul-
ture Products, BioProcess, Liquid Handling Products,
Corning Equipment®]t}.

CorningAle] BE Zgk~8 A& USP Class VI 592
2 A3kl 1IS09001: 2008 155 5319tk BE Cell
Culture Productsi= Nonpyrogenic Certification 9152 1t
o} Endotoxin Level 0.1 EU/mL ©J3t2 f*]3le] 53
el A A jFe ® ke Ay AAghS FAI8H g

53} Lot Number Traceability #1712 £3}+o] Flask$} Roll-
er Bottleol ZF7te] Lot Number7} 014 TUEI» 3} 35
o] golate] B E AAA R & 4= girk Corningr} Life
Science oFollA A5 AFE WL Qi o= o] HA

gk e AA Al 2E el
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CHE 2|5

CorningAke] A3 wjeka} wiole A2~ Zep g A|F9
3E-2 CellBIND, Ultra-Low Attachment, Tissue culture
Treated 52] 3WAA2] WHS Foto] AE v 3ol M2
TheFg Al delo] 7}sattt

Cell Culture Products MZHIQRIZ
(Flask/ Dish/ Multiple Well Plate)

Flasks
- Cap BF MEl 7ts

- Neck &5 M& 7}5 : Straight/Canted/Angled

: Plug Seal/Vent/Phenolic Style

- Shape M8 7}5 : Triangular/Rectangular/Straight/Lobo

Dishes : VentE £8 7tAW

rt

Multiple Well Plate : 2289X|E 2/5 Nonreversible Lid




BioProcess , A1 edE]o] 9k CorningA7F @AW HlZ £ 277} 3 W
(Roller Bottles®/CellSTACK® Culture Chambers) o] 713 o(:)]?__ri‘j}qq ,q].i AT 93k Hslloo]=. A

Roller Bottles : One Piece2 0|2Af ¢i0| |zt

CellSTACK Culture Chambers
EPO, Interferon 52| & THHAl MAka} 8HAl MAL BankingS 25t
Cello| CHZF B0 B8

mZiofo|= Serological Pipet

Liquid Handling Products(Pipets/Bottles/Centrifuge Tubes) Qa

alEe)7| Centrifuge Tube

Stripeptte Serological Pipets
Anti-Drip Tip : EH 22 Z7IA|H Dripping 24

Centrifuge Tubes
Cap &7 M 7} : Plug Seal cap/CentriStar cap

Olo|3ZEY0|E £F7| Microplate

]
-

Dish

@ 2v=ve

-
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#;Datal_H|EFRI EXA pdf

1 Data2_H|Et B! K144 pdf
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S+~ (Work function) =4

Kelvin Probe System

A7)
AF4(Work function)e B4e] uief Feiel 4 & 7o
g dolfize] WRH Aol oUAE AT BE Uk
£ FE/T4E hEA W3 oA s )E wow
A )] A A7t Mol etz A WE @

Abo] 71,

olwf HA7F HolA vhe.7] 91gt oA 7F U3 (Work func-
tion)oltt. AMETEK Princeton Applied ResearchA}<]
VersaSCAN A% Probe®t #Z 79| oul7] level] ¢

ol &3t WAl o2 dekr(Work function)E &7}

(o ) YEs &

0x

{ Z|(VersaSCAN)
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VersaSCANS HJH S whajo 2
AZ3} S48 probe AFol9] A
2= 100 #m ©)3k= 712 21A]
ko] Mg EUL H2 A (Lo-

cal measurement) 3k

VersaSCAN9] $1A] A|24®le 9k RE(Piezoelectric mo-
tor) & 7]8kO 2 50 nme] FHold 7HEeF 100100 mme]

° 4% Z4o] 7bssi,

Ue S| (VersaSCAN)2| S3H

- AMTEKAL2] Signal Recovery 7230 Lock=in Amplifier2t
AZsto] O|A| &5 EH3t LO|= H|H7t 7+SsiCt.

- 100x100 mm2| &

S M 53 wol2 HZstn,
50 nme| £2 UES ABIL

A = MEO| ZHHsn ALHQl A MEo| 7HsSIt.



(22| 2) A% Zn4(2D 22z et 3D o|o|x|)
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S5t VersaSCAN B34 28
SECM(Scanning Electrochemical Microscopy)
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SVET(Scanning Vibrating Electrode Technique)
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LEIS(Localized Electrochemical Impedance Spectroscopy)
71848 HlaY 5 BEIS(P9E s SAHAURE o] 88t ME
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A o7 S

SDC(Scanning Droplet Cell)

SDC 274 923 SECM 249129 5dah, Aol 4L gl
Foll A AES 248 SECMIH: ge] P E o] gdho]
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Shi

AePs}= ﬁ@A}%El‘%Ei Geosmin¥} 2-MIB

e 94;1'?:52 Ak GRIAZ 1EA2A]AD Pilot-Plantg
AL Q= gk ‘Fé] Aot AL Aol A &
o] oJ#l - Geosmin} 2-MIB 418 #zelEjofo} F5o
= A 5 ol

(E 1) B SAHS & =2 ollFel ZE(147H)

sz om0 ORF B B e
Alg =3 101,000 AOP+F/A AAE 14.09

f::g FX| T3 916,000 HRZE+F/A AAE 15.06
4% M24| 400,000 FRE+GAC SAE 1212
AL MEAl 1,600,000 F2E+GAC SAE 14.12
9| MEaA| 250,000 Z2ZE+GAC SAE 13.12
S MEA 750,000 F2ZE+GAC SAE 15.12
E ZARA 137,000 HRZE+F/A BAE 12.02

T (79000 AP o iy

e

= T e o | e | 2 |
29| BOIA| 100,000 ZRE+GAC  AAoFE
OFA ORMY| 83,000 AOP+GAC AAE 16.12
Ha +3 450,000 HRZEA4F/A AAE 13.12
UM T3 250,000 HRZE+F/A AAE 16.12
oFF +3 215,000 HRE+F/A AAE 13.12

# GAC : Granular Activated Carbon, BAC : Bialogical Activated Carbon
# AOP : Advanced Oxidation Process, F/A : Filter-Adsorbed
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