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Ethylene imine

{ } CAS #H  151-56-4
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T8 e (°C) HRQAUE (kPa) TKEE #R B (mg/L) LogPow
43.1 56~57 21.3 (20C) BT 5 (;%7?@
B, s
ITFLA3>
FIEIEH : Zw MED LDsy >15mg/kg
P ik D REIEEL GeRERl SRS
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1) HEOBE

7KEEE 200mL 1T 1,2-F 7 b 2 4-Z)VR VB B U A(NQSYKIFHEZ A T
FLIAIDE4A-TIUPIIN)12-F 7 bF ) 2 @-ANQCHEEMHIL T B, 75l
b %E 7 ORIV ATHIBL, 72N FNUIVIREE TS, ZNICHEEDEE
MA LC/MS/MS “Géﬂﬁ@“%

IFLUAS ﬁﬁﬁ
A=
SO:Na 4-(1-FPOYDZ)L)-
1 2-FThF/-4-R VR 1,2-F 2%/
EEFR)I L (NQS) — (4-ANQ)
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(2) M3 - BBR

(G35)

IFLAI> . Ferakbrlin G mbH #h#
XY -di(100 L g/mL 7 b ¥8HK) ¢ Ehrenstorfer #15

1,2-37 M) U-4- 20 B T )Y A(NQS) :  ACROS ORGANICS #l:5

) UBEZKFEF NI TN B LA AR R R
IKERIE T B U T L o BRI R

-0 (Al VRV B E R R AR
ZoaRb A : BEEA LA IR R R
Tk 51 ey aw 33 Sy
[E(Fi% o B RS B SR AR
TErZ R » B bR HPLC M
HPLC HZEEK : B HPLC A
FEELK

(ZRE)

iR a—k

VAN RSy Ay G

BILE

3) S
(R D BB ORTE]

REA MEEPEREREICBI LSRRI S 2> TOBEFEH] ITHED.

(B o RiLEE]

kLK 200mL % 300mL OO — MWL, EEF MU DT L% 6g. 0.1M-U
> ERRRER (pH11.7)% 2mL. 8mg/mL-NQS F#k % SmL A, 5 pfEk&ES> L TF L
A 2% 4-ANQ IZHEMRIET B, ZHICZ ORIV A 20mL Z AT 5 7Rk
ESHMT 5, . ZoMBBEEZRETWL, HlRZEDES,

GREHR D3]

AR O FTALEE] T 5 N 7= MERICHERIK 100mL 200 A. 5 7filikE S LKk
T5, 7O0O0RIVAEEO—F)—I)NARL—4 T 2mL BEE TRTERET 5,
BHEEZ 7 2 W TELE IR VIAA, EEKIR FTOoSmLIEEETRMHEL.
7 hZbUJIL 1.5mL ZMZ 0.5mL £ TEKET S, HEVEFZMJIL 1.5mL %
MA 1mL ETEML., 7R MNUNVICERET20E 1), CNICHEEYE LT
R (1 gml)Z 100 L INAHEHR &3 5,

(227 BRIR D)
HRUK 200mL T GRAEIORIUE] RO GREHAMRORE] OBREZITH. £5

I —290



NI 2 2Bk & 3%,

(TF L A 2 D EEHEAR DO F)
IFL 21322 250mg 27 b= k)b 25mL IR L T 10mg/mL DEAEFK
ZHETSH, COBRERKRZY LR NIV TEERRL CEERIKE TS,

[NQS BHR DR ]
0.8g D NQS ZH5H/K 100mL THM S 8. Smg/mL O NQS IFIK % R T 5 (JE 2).

[0.1M-V) > Ee#E R O]
U BET/KEF b U A 0.2mol ZAERIK 100mL ITIEMR I, pH A—F —Z A1
TKERE T bV D LAKESHR T pHIL.7 ICHEET 5, INERBEUK T 200mL ICERT
% (1E 3).

[PUERHERA R D3R5
R 2-dip(100 L g/mL T b 2EER)1I000 LE Y R Z MUV THERL T10mL
ELU, 1ugmL ODRNEREERKET 5,

(#5E ]
(LC/MS/MS §:#4)
LC &t Kk : Agilent 1100
VAR : SUPELCO #L# Discovery HSF5
(150mm,2.1mm,3um)
RHER DA 0.1%-BEBKIAIR
B: 7th=btUJL
: 0—12min B : 30—95%
12—19min B : 95—95%
19—20min B : 95—30%
20—35min B : 30—30%
TR : 0.2mL/min
1T NRE 1 30C
FAR :10uL
MS &ttt : Applied Biosystems API3000
A F Akik : ESI(4)
14 MbEE : +5000V
178-71- B : 500°C
E—R : SRM
T —A(F>  : 4-ANQ=200/172

VRT 2-dyg = 212/134
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KUK 200mL IZTF L A I AZMEEKRZ 0.5~50ng IRINL . [FARIOFTULE)
B GUEHKROFAR) OBIEZTTD (F 4).

K S I EEEVAIR 101 L 2 LOMS/MS IZHEA LTS 5.5 5 NI B E O
Y— 7 EEENEEYEO Y — DN SMEBRZIERT 5,

(E&)
HEHATE 104 L 2 LCMSMS ICIHEA L T 5. 50 NEEYEOE—JH
BENEEYEOr—77EBEORZREREBS L TERT S,

BEDOEH)
HEKHOBE CagL)lXRICLVEHRT 5,

C(ng/L)=(W-Wb)/V
W . BN 5RO - RIE XN RYE B(ng)

Wb ZEREBRIR ORIE S RYE R (ng)
% ;. AVERKE(L)
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(IDL)
LERHTRMEIDL)E. b EREEERBTOFSIE) CER174E3 H) 1
WV, E1OEBVEHLUE,

%1 IDL
i e

AREHR(L) 0.2
A& W B (mL) 1
AR (ng/mL) 0.5
LEFEAR(LL) 10
e R (pg) test 1 4.40

test 2 4.70

test 3 5.10

test 4 5.07

test 5 4.82

test 6 4.95

test 7 4.69
I {E (pg) 4.8
BEHERZ(pg) 0.247
c.v(%) 5.1
S/N 17.9
t(n-1,0.05) 1.9432
IDL(pg) 0.96
IDL(ng/mL) 0.096
IDL i BHE R (ng/L) 0.48

XAER (pe)=BHIBE (ng/mL) X EAR(LL)

XIDL(pg)=1(n-1,0.05) X EEHEREZE (pg) X 2
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(MDL]
HIEHFEOBRHTRE (MDL) EUOERE FIR (MQL) 1&. MY EREFEERE
DOFBIE] CER17HEIR) K- T, 20ERVEHL T,

#2 MDL KT MQL

IFLAI
AUBHE(L) 0.2
RYER N2 (ng) 0.5
At EHEER EE (ng/L) 2.5
AR E(mL) 1
B ARE (ng/mL) 0.5
HETEAR(LL) 10
75 27 ¥ (ng/L) 0
BRI (ng/L) 0
ik (ng/L) test1 2.71
test 2 3.04
test 3 2.83
test 4 2.91
test 5 2.92
test 6 2.80
test 7 2.32
I (ng/L) 2.8
FEEE(R £ (ng/L) 0.232
c.v.(%) 8.3
t(n-1,0.05) 1.9432
MDL i EHE R (ng/L) 0.90
MOL i EHEEE (ng/L) 2.3

¥MDL i EHEE (ng/L)=1(n-1,0.05) X FEHEMR 7 (ng/1) X 2
MMOQL iRRHA R (ng/L) = BERZE (ng/1) X 10

(x1)

MHERIEE FEAL TS, MHEREATT 0o RXY ) —)IVITERET 5 &, B2
DOWHEREEHIIHBYWEDOY — 7 DHERTERL/R5S, 20D, HMBOBIRKRIE
ANFY 2 EAY )= )VITEEL TR 6730,

(£ 2)
NQS BFRIFERFRE & U, SRERISM R X THIEEFT TRIFT %,
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(1% 3)

AR IR FE~ M T T 50, A TIIRISRICETENH 57
O, WREEEET S, KB FU D LA TEEKRD pH 2B LZEE, Bk
o TRERIIINT a >N RETHOTHEEIRZ WS,

(% 4)

RIRED 4-ANQ B EHRL TER L ZREH - SBRETHEEMMEL TERL
FRRER TIIBRBROBEZ N, SREORKRETRUZIEE O HFIRENE
W, Z3UUL NQS RINBIZES D EEZONBD 2D, FEMEAKITERICED
YD, REBHITERIKEEC A —IVTHERT 5,

(2, BEKICIFL A I EFRNUBWTHEEKRL LS TH, dRyE
MRS 5 REMFTHI TR =2 T 1 > O LR EY — 7 NETHEI NS,

I —295



§2 MR

CagiiRis
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ARk — /i e - |
200mL AL Wit Kk Ll
1) 2Pt itk Zook)b A Hilizk 100mL O—#1)—
(pH11.7) 2mL 20mix2 INRL—%
NaCl 6g
8mg/mL-NQS
SmL
L 2=l LC/MS/MS
linie SRM
N2 71 A ESI(+)
1 SHFr7o—
(O
- RER

IFVL A2 05~50ng ZAEMARM ST, 1mL ITEBHE L 2ERE W TRER

{ERE L 7=

WRE2H 2 ITRT,

area ratio
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20 30
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T
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WG of TV (3 paire) 200 177721

4-ANQ (=F L A < > =0.5ng/mL)

/‘

f\ 16.4
Ts

s
Max. 2.4€5 cps]

W XIC of +

Intensity, cps

1.0e5

5.0e4

T > 3 ;3 3 T 7
MRM (3 pairs): 200.1/172.1 amu from Sample 4 (5) of curve 12.wiff (Turbo Spray)

4-ANQ (=F LA I > =5ng/mL)

16.61
|

/'

17.26

0.0

15 16 17

i

2 3 4 5 [ 7 8 [ 10 11 12 13 14

18

Max. 1.1€5 cps,

W XIC of +

MRM (3 pairs): 212.3/134.3 amu from Sample 4 (5) of curve 12.wiff (Turbo Spray)

16.88

1.11e5
1.00e5

8.00e4

6.00e4 -

Intensity, cps

4.00e4

v~ -dyy  10ng/mL

6 7 8 9 10 1" 12 13 14 15 16 17 18

Time, min
X3

1 2 3 4 5

BEMRO 7 o~ 7T A

NI EINNEY

17K 200mL (2K RE % Sng i1 L GUEHIAR C 25ng/L), [BUBIORTALER] &
O [BUBHE OFRHRL] OBEEZITV, IINEINGRER 21T > 7=, F7z, ERNoGA I
DT HITHo T2, FERER 3 LK 41257, ERIMFRECIE=T Lo A I D%
FRRFRIHEIC i E Y — 7 BB A0, ZOEERKIZ=ZTF LA I 2R
MUZRWNEE THHRENDTZD, 7T 7 HREOKEMC LD bDEEZBND,
728, WIKFTIZZTF Lo A 2 i MDL Kl TH - 72,
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TFL A I
<0.90
5.0
25
89
97
95
94
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95
3.51
3.7

HENINIR B (ng/L)
IN&E(ng)
FRERK IR L (ng/L)
B 3(%)  test 1
test 2
test 3
test 4
test 5

B (%)
FEMER 22(%)
c.v.(%)

W XIC of +MRM (3 pairs): 200.1/172.1 amu from Sample 1 (BL) of recovery 1.wiff (Turbo Spray)

17.19
7000

6500
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5500
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16,62

40004
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c DREA ) —Z 2 TR

ITFLAI DN THENA T ) =22 TR ET o I MR E R AITRT,

K4 DA ) —Z 2 R

. BAER(%)
*ﬂfff L s A
W T
5 10 100 100 =
7 10 100 99 74
9 10 100 100 —

« pH IZ X B KIS DZ &

pH7.7 & 11.7 THEEMMERIS DR 27> 72, TNTNO pH TLFL A1 I >
% 0.5~50ng IINUFEME S B, BRRBKEZ ImL & U TRERZERL 2,
REFRKSITRT, pH7.7 THEMLI VTGS, RISIGETT 20 RRFICIES D&
& D AHBIMREC DK < EHRENE S N7 2 7208, pH11.7 I BW TII RIF/ZE M

ZmrUTz,

#5 pHIZL DL DEE
RRF pH7.7 pH11.7
0.5ng/mL 0.409 0.467
1 ng/mL 0.266 0.435
Sng/mL 0.360 0.494
10ng/mL 0.471 0.470
50ng/mL 0.306 0.496
Y1 0.36 0.47
R 0.0813 0.0248
c.v(%) 22.6 5.3
HHEIFRER 0.9939 0.9999

(GFAi)

RFEIZED, KB DOIFL A I 2D 1ng/lL LRXIIVDEBNTRETH 5.

(235 3k

* David J Evans et. al., Rapid estimation of trace amounts of Ethyleneimine by
High-Pressure Liquid Chromatography, Journal of chromatography, 115(1975), 391-395

* NIOSH Manual of Analytical Methods(NMAM), Fourth Edition,8/15/1994
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Ethyleneimine

An analytical method for the determination of ethyleneimine in water by liquid
chromatography-tamdem mass spectrometry (LC/MS/MS) was developed.

Ethyleneimine in water sample adjusted at pH11.7 with 0.1M-sodium phosphate buffer
reacted with derivative reagent of 1,2-naphthoquinone-4-sulphonate (NQS), and
4-(1-aziridiny) -1,2-naphthoquinone (4-ANQ) was given as a product. 4-ANQ, derivative
of ethyleneimine, was extracted by shaking with 20mL of chloroform (twice). Then lower
layer of chloroform was washed with 100mL of distilled water and concentrated to 0.5mL
by evaporating and blowing nitrogen. And the solvent of this concentrated solution was
changed into 1mL of acetonitrile under gentle nitrogen. Sample solution was analyzed by
LC/MS/MS-SRM (ESI positive).

Methodical detection limit was 0.90ng/L. Methodical quantification limit was 2.3ng/L.
The recovery from 200mL of water sample added Sng of target compound was 95%
(Average value).

ggglnpl]: Derivatization [—| Exfraction Wash Concentration
Sodium phosphate Chloroform Distilled water Rotary
buffer (pH11.7) 2mL 20mlx2 100mL evaporator
NaCl 6g N2 gas
8mg/mL-NQS
SmL
—1 Dissolution HEMSMS
SRM
ImL of ESI(+)

acetonitorile
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] SET7O—F v—b i
s i ) P LC/MS/MS
4Z2 bk AL /i ESI(+)
200mL filH
1) > il 2RI A -
(pH11.7) 2mL 20mlx2 K74
NaCl 6g Discovery HSF5
8mg/mL-NQS SmL
mg/ml NS 3 £E  150mm
FEhz N 2.1
ik i Py o
i K% 3um
FEELK 100mL H—z1— N2 H A
IR L—%
MDL
LC/MS/MS IFLIA2
SRM -
ESI(+) < 10.90ng/L
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