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PR A ) = Ak S e B ety R R A B IR PG B B A AT & BB = AR E B A HE AU
B R = CRERAFEAMY IR EREEE < IREFEAE - HIE2FHRMEENT
EF B £ I P S LA B A AT RE A A IR SRR - RSB R S T IR o A
ZIERCRARIYIEIERS - EYAE R R /KSR IE S I A TRR REEE - S I8 »
SIFTTEE 0.2 mL/min > AG#57 % 8 K EMEGH] (multiple reaction monitoring * MRM) 43
Mrigef o JiEin EAHRREL (r) W3 0.99 DL L - fEEAARSL 2 A& IR e R FLAI L
mm o PAZIEECEL - J5UHE 0 AV T 4R A o e Al Y A Y - PRSI R 1R BB - LRI
B S LARE 281t QUEChERS ZEHUY AR FifH L 1+t - DA it Fr B At gl o B 3
BTG 2 R R L R B T IR RE R S o (e - TR IAREE L A 2
B DLl A e B S 60 BR B 0 TR+ IS S RIS (0.0001%) R KR
J& (0.00004%) FEICES3 R R 107% k& 98% ; ZLAEIE IR (0.0001%) AR E
(0.00002%) KRS HIRy 81% e 84% o JTIRE mAGFRIFHE Ry 0.409 mg/kg ~ FLA Ly
0.214 mg/kg » ERFREFRBARAE o ARFFEET & JTERF S AHR MG ARYE - W {E
Ry BN = i@ tf 2 gE R nn g B T IE IR E IR B AT E . 25 R Tk -
BREEE : —n@pk ~ A IR ~ WRAHJE AT R E A

BHIE 1 2024 11 H 7 H
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i AR Ry — Y R R R
a9 FEHFE R AR A B - TTEE
4 kS GHE TSR (ol e 7 v =1 )3 RS 4557
AFEYEaEE —IERRE ¢ o qE— - H
VIR L S E MR — © o GHRE T IER
TE BB E I 70 B A SEBOE K 7o JE b ik
BR¥E Ry 2B ) AIRERBUERT (0D -

TEIYIW SRS 0 BB AE IEAE
o 0 R R~ SR DL R B s A
O BREEERKEEHS (ERE
LA AR ) FT 3 2 = R bR R 2R A AR
O - SHEERY R T IF G BRE AT Ry
R RS A 1 mg/kg ~ BRI AR
B MERE SR 1 mg/kg 5 EEIERMRE
T R = AR 8 B B A B B R R AL

c

ON

+ HNO3

_—

s (CH,CH,CH,),NH

\)
(CH,CH,CH,),N-NO

Fig. 1.

THAEEE IER R TS - DR & &
/NREER 0.5 ppm U8 5 B [E AL SEATHE AT
R HEHIEE = M 5k =2 R EEH FARHY
CIREHMETE T =gk R R g A —
IEA G 2 REAEAE - FEEh/ NASER 0.5
mg/kg ~ B R KA UK o AR &
Z 0.00005% @ o L5 SHEAE BN =@k
REEMAMYHME I EAKEE  B6
BN AR i BE ik o B RERY
MR E Y2 o3 it - A L P SR AR AT
-BVBESM TS (GC-TEA) » [KIH: ¥ aa g
{b&Y) 2 E TS - RiPEEEEENE
' WSS 2T CHIFZENE
PEEN A FEE K ~ By A TR
15 1B B 5 v R B AR A W o AT i
(13, 10) o A3 A7 =i Ak i i 25— TE PN e
FEA R T-BRE T 2O~ KA
AT - AR A (O~ RAEE AT E S

Cl

NO,

+  (CH,CH,CH,),NH

CF,

CH,CH,CH,~ | ~CH,CH,CH,

ON

, NO

2

CF

F ZREMERBRER K REE_ERRK © -

Formation of N-nitrosodi-n-propylamine during trifluralin synthesis (.
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Table 1. Physical and chemical properties of N-nitrosodi-n-propylamine ©

Chemical name

1-Propanamine, N-nitroso-N-propyl

Synonym(s) and registered trade

name(s)

N-nitrosodipropylamine; N,N-dipropylnitrosamine;
N-Nitroso-N-di-n-propylamine; NDPA; DPNA; DPN

Chemical formula

CsHi14N2O

Chemical structure H2
HC—C—C
2 /N —N=0
oG
2 2
CAS Registry 621-64-7
Molecular weight 130.19
Color Yellow
Physical state Liquid
ST
Boiling point 206°C
Density at 20°C 0.9163
Solubility:
Water at 23-25°C 9,894 mg/L

Organic solvents

Soluble in alcohol, ether, other organic solvents

Partition coefficients:

Log Kow
Log Koc

1.36
2.11 (estimated)

Vapor pressure at 20°C

0.086 mm Hg (estimated)

& 00 55 o R RS PT AT AT e SR
feof > WA BE TR R EE A 4D o K
RS R A IR - BT R SR
JEAT-FARE AT R - BAREST AT IREES Ll iR
B o HFEM LB RIRA ML EY) - JE
JBE IR ES 07 SR TR AR AR
—XKERE o R AR E B ) T RE
SCBOTHERETE @ AWFFERH Sung FA

JE IR T T B B B G o AT AR B 5
n AR LS B Tk 07 o AERGHE
EmRaSa TR ~ R o &
NI = A B i B B ol ity T A A A i
ARG AT AT AR B E R - IR TR
FEESSUHE RAT & b B 22K - Al A UE i A
B =R MRS E TR L G RS
FFETBIAA R AR -
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EEEERE B 1T

PRk )5 vk
— s b
(—) BEHE N, ~ BA%E - FEAM B

1

10.

Chd R R IR PN R OAR ME bR (R EE

99.97% » Supelco) °

BB ¢ S 97.5% A -

=gk 44.5%ZLHE - FHEN R ZEL F]
seff o

. I (acetonitrile) J HPLC # (J. T.
Baker) °
B (formic acid) Jk ACS #l

(Honeywell) o

CEEET/K - #20.22 pm millipore 3 jE -

FEEEFH 18.2 MQ-cm [ | (Millipore) °

02 wum B Y OH 4 M

(polytetrafluoroethylene, PTFE) & &
i > HAR 13 mm (Agilent) °

BB LVE SOmL - M (polypropylene,

PP) » #E (CORNING) -

. QUEChERS ZZHVE&EHL, (S-Q-N-50) » &

Tk hi R EE b & L8 (Oligaga) ©

_QuEChERS % L &  (S-Q-N-15)

(Oligaga) -
P8 £ 45 (ceramic stone) (UniRegion
Bio-Tech) -

(T2 % i Bl 2 0L

 HEWIREEEE (BRANSON) ©
. REIRESS (VISION SCIENTIFIC) ©
B #  (KUBOTA 4200 * max RCF

2,380 x g) °

4. EREEEEERE (SPEX SamplePrep »
Geno/Grinder 2010) °

5. /% K > d = 0.1 mg (METTLER
TOLEDO * XS204) -

6. FEHE K > d = 0.0l mg (METTLER
TOLEDO » XS204) -

7.0 MH AT R W E RS R (Agilent
1200/6410 LC-MS/MS) -

8. BN 10mL > 25mL ~ 100 mL ~ 1,000
mL (A Z#} » BRAND) -

9. ZIFEKA 1 mL~2 mL~5 mL~ 10 mL
(AS %) » BRAND) -

= ik
(—) Bz R

1. BifH A 2 0.1% FHER/KISH » 72 1,000
mL EEHEF 0 IMAK 900 mL EREET
K DZIERE &I 1 mL FHEIA
ERIEE - BUEBTKERARLE
BEHEH -

2. BB 2N -

AR IR - AR -

(Z2)FAH Jei A e Ak A7

Y Agilent ZORBAX SB C18 2.1 x
100 mm, 1.8 pum ° £ #& & f : Agilent
ZORBAX SB C18 Cart. 2.1 x 15 mm, 1.8
pum ° FE3E : 0.2 mL/min - ¥ A& 10
uL ° MR : 40°C
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Table 2. HPLC gradient conditions
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Time Flow rate Mobile phase! Mobile phase?
(min) (mL/min) A(%) B(%)

0 0.2 80 20

10 0.2 0 100

15 0.2 0 100

15.1 0.2 80 20

20.1 0.2 80 20

D Mobile phase of solution A : 0.1% formic acid in deionized water.

2 Mobile phase of solution B : Acetonitrile.

(=) BB R

B I5 - SR E LR
(ESI+) « HZM SRR ¢ 325°C « HZ MR
& 1 10 L/min - $2{b5@RETT © 45 psi o EHl
EEBIE 1 4,000V -

(PY) o 4805 i B B B et L

e T 7 B AR A B IR N R A HE L 5
mg (5.45 mg) B A 25 mL E&IF - A
#1 20 mL ZJi - DS EdRE 10 486l
U BIRERBUZEERELE -
Ry 200 pg/mL FEAATRHENR » FRLAZI R
IV 0.5 mL Z 200 pg/mL FEFAEHEWY - &
A 100 mL E&EZHF - LB EREZ
B BEYE 0 B 1 pg/ml FEFAREER -
fa AR S, © DA IR E R HER AL 0.2
04~1.0~2.0>4.0 mL Z 1 pg/mL {7
MW T IER 10 mL SEEET - DLAKE
ERBLNE - RS 0.02~0.04~ 0.1
0.2~ 0.4 pg/mL ZHR{FAEEAERR » 2L 0.2 pm

VYR LM e EGHE E - T LC-MS/MS
o DUREEEHE ORI T X ol - E R
TP Y fh o A RURAERR R -

() FEE U P it i B

=g MR HE A R A 1R 0 FRELRY
6,250 mg LR 0 B 25 mL EmIEH -
MIA 20 mL 215 » DUH S i ik 22 30 438 »
ME=RE > DB ERBLE  BEE
2] Ry =gtk REARIR o DAZI S IR A T
BHL 02-04~1.0~2.0~4.0 mL (P9) Ad
Bz 1 pg/mL FEFRHENR - S3RIER 10
mL EEZEF > FIA 4.0 mL =iEbk]E S
M > LB EREZE > ks 0.02
0.04 ~0.1~0.2> 0.4 pg/mL & KB UL #
PTERZEHERS » L1 0.2 um B2 VY58, 2 100 I I
IR -

() =i bR B SRR i B i i

AR RS RS EG R 0 B
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HU#J 1,000 mg &% BN 10 mL E &)l
o TIA 8 mL Zf - DU E RS 30 43
# o EEER > DB ERELE - BE
¥#95) > BL0.2 um BEPYGR £ K6 E e S g -
TER AR

=iEPRFLE e AR SR o R
HU#J 2,500 mg &b 0 BN 25 mL E &l
oo A 20 mL 21 0 DU E RS 30
rE o MIEER - DB ERELE R’
&4972) » B 10 mL AR E Y 50 mL e g
o IMAREZEFE G AT QuEChERS FEHY
B > DL 1,000 rpm EE¥REEEY 15 4088 -
LL 1,670 x g BE.Cs 5 4388 - U EIEW 5 mL
B QuEChERS HFLEH » LL 1,000 rpm
AN 15 7388 > L 1,670 x g B 5
SrgE o B EFEWR 0 LDL0.2 pm BRPUH 2 M
JEIEGEE » TERARg -

(&) IR AR AE o i 0 B 1 o B

=R KRR SR 0
AFFRONEAR 1,000 mg LB BN
10 mL JE & - DLKI B & 43 Bl 2 HY
0.4 mL 2 1 pg/mL BofEEE — IFE IRE fE A IS
MW IR =B LT - 5550 1 & Y
1.0 mL ;Z 1 pg/mL BRfil 5L — IE NIZ AT
HEVRIN I Ho gk = AR S 2IARY
7 mL 21 - DA E RS 30 S8 0 [BE
=i DB ERELNE - BEHEE 0 Fy
& 0.04 pg/mL BEAEREE " IE R 2 AR
R K& 0.1 pg/mL RRASHEE ~TE A%
ZERE EIBCRARNE - DL 0.2 pm BEIUE L

Mo R SRR i A o

iR AL E R R e
MRE®R - I =EER 2,500 mg L1
b B 25 mL E S - DIXIERE &
HY 2.5mL 2 1 ng/mL nifgEE —IE A EfEF
FEHEVR N IS = AR SL  SIAKY 20
mL Zff » DS B iR%E 30 708 0 [BIE=E
B DS ERBLE  BEHE 0 BL10
mL MR ER 50 mL BEOE T IARZE
it ¥ 5 1 QuEChERS Z£ HU B 4 - LA
1,000 rpm EE&AHY 15 478 » FLL 1,670
x g BEL 5 438 B EEW 5 mL BHR
QuEChERS #{b& » LA 1,000 rpm FE %
ZEEY 15 434 0 FHLL 1,670 x g HEls 5 4
# I EVEW 0 Ba 0.1 pg/mL mofigke—
TERIEZ SR B EIRCRARR » LL0.2 um B
VU 58, £ M s e B G FH o

=iE bk ALBNE IR EICE K ha e A
SriRG®R - FEIL=EER 5,000 mg 2
b0 B 25 mL E ST o DI RE &
HY 1.0 mL 2 1 pg/mL BEAlRE — 1F R & A7
FEHERR IR IR = E R L R BRI
FLEI SRR IR - FlS 3 0.04 pg/mL
REAG R T IE N 2 AR IR IR AR DA
0.2 wm ZE VY5, 24 i g A s i -

% KM M (multiple

reaction monitoring, MRM) f{5&

1 e b B 0 A



% B [ FEAS I R =5« S mn g A —
IEREREHERS 7 E A LC-MS/MS - 1T 247
4 (full scan) Z3H7 - HIFRHGATISHET - Bk
¥H 71t BT (protonated molecular
ion » [M+H']) m/z 131 FRyBRRgE¥- - I Hig
A [FI AR B TR RR 3 i PTG Bl 10 -
10V Rk BEFE R o B AR HE1 T 1B
Fwf (product ion scan) » g% %€ A [F]fll
HE® (collision energy) 4347 » HfFHGFTIS
BT SEE RS ES m/iz 43 K om/z
89 Ky Tt » v m/z 43 BET-RRIR R TR A
R B BBET > WiPEREREERE 5V $H
[ FEAEHIMER AR AN 58 = - JIEE AR R 2]
THEARE B 7 BR e i B pE R A e Y Lot e E
WF - BRI E PR - RS
B REAE AR T IE NG EREARENR S5 BR
FE 1 0.02 0.0450.1~02 K 0.4 pg/mL -
B IR B E T EHREER L (signal-
to-noise ratio, S/N ratio) ¥ KR 10 > EM:
BEFEERR 3 W E R 7
i~ 25 B R B B e AT e — R 0 A
HHEEF RS 50.9-55.0% © sr T iE e
& R R TR PR R R T BEATEE o2
ILEEN Y 98-102% <[ - FHE Bt 758

rR= - ZEREENZGH
Table 3. MRM parameters

—iEk R Tk 49

J&5 B AR E O S5 E LRI TR AR+ 20% DAA
@ o R VEARE IR IR BT S o3 A T AR S E AR
A EATE s Y = 2151863.4X -
11071.6 » H =] B ok E R 8 R?) J
0.99950 » AHRAFREL (r) By 0.99975 » FH
Wit EMaomER TELX L Y =
6775107.8X — 17504.3 » [0 B& Pt 2 1% 8%
(R?) Ry 099858 » tHEI R (v F
0.99929 » FFE B RS RAHY) IR E
A PAR ISR S MY ME SEE =eo N G
HROTIERECR R - EARAHRA TR EL () FE
KA 0.99 & fE#E o

P b = A % 28 A Y SR P T T - B RE
SrfrEmeEE I 0D Hip R ERE =
EEEREE (0.2~ 1.0 ~ 2.0 pg/mL) » fHRAREL
(r) By 0.99880 » (KA Tii% - HB2HWR
TR S S AR Y IR 2 o BT T R TR
EHEFEEAR ® ) hERTEE R
o B RAHRE T o DA A Y e
M EARHE L LR BN E— 5k s
R AHRE A R B B 3 » DU — %
e 1355 B o R R L B A ME L PR 5 0 B R
SEE T THAREEE T B
TR RAE G AT -BARE ST T8 -

MRM transition Fragmentor Collision energy
Compound Ion mode
i (m/2) V) )
. . . 131 >43Y 10 5
N-nitrosodi-n-propylamine positive
131>289 10 5

D qantitative ion.
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+MRM (131.0 -> 43.0) CK3.d Smooth 131.0->43.0 ,131.0->89.0 + MRM (6.815-7.506 min, 83 scans) (131..
£ %10 4+ 7.107 min. = x10 27 Ratio = 54.1 (90.8 %) £ x10 54 43.0
3 194 o 3
8 12l § 1.2 8 4254
1.7 3 114 4
i 3 3.75+
16 3 1
1.5 o 3.5
1.4+ = 0.9 3.25+
2 £ o3 .
114 07 2.75
1] 2.5 89.0
0.9+ 0.6 2.251
0.8+ 0.5 24
0.7
1.75
064 0.4+
1.54
0.5 0.34
0.4 ' 1.25
0.3 0.2 1
0.2+ 0.14 0.75-
0.1
N ol 0.5
0.25- 131.0
0.1+
-0.1 0. ¢
T T T T T T T T T T T T T T
6.5 7 75 8 6.5 7 75 8 40 60 80 100 120
Acquisition Time (min) Acquisition Time (min) Mass-to-Charge (m/z)

B« miEE_EAREER

0.1 pg/mL w2 EREEMEEE -

Fig. 2. Representative mass chromatograms determined through multiple reaction monitoring

(MRM) of standard solution containing 0.1 pg/mL N-nitrosodi-n-propylamine.

o Bt

AE B (A = AR e S AR R AR
TR AL ORI o O BT B AR
FERRLESGMERY 10 ~ & PhBET- 2 AR ERR
PEsg(ERS 3 > HAHBEE TR ARF - 2L
Bk dh AR A b2 B B i A ZE U i B2
By > (A SR {LnifidiZ QuEChERS ZEHy
KB (R AR S & SR L R Ak Al
WHE R 2 AT) - E RIAE RS 2% B ALK
o AR PR AR - BRI A AR T

gu o

1]

~ FLEKUE  (matrix effect) FF

i

2% Matuszewski F A Z FiE 9
AL ANT « BE VA P O B2 AR MR L S I T
M ik A 22 AR R IR TN AR
R - idk B HERE = B/A x
100% ° FFA% I 8 s FUEIARIR » 36 43 Al
B 0.04 J 0.1 pg/mL Z FEFE » 5 EH
RIFEHEAE 0.04 pg/mL FRINEREE N AEERUE
FHE 120% - RAE DB VLA EAR AT
[ElfR -
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MRERR v ~ PR A S AT E L T
EEETE

TRIIERE pg/mL x FREEREFE mL x

g 1

100 ug | HUHESEB g
G R2 F5E [E MAT 3R o7 R T 5 R i T T e 2L
BB BIFI & 0.00004% K2 0.00002%
ZERRSEE IR 5 miRE EICER 2 AN
BEEMERESTRE 0.0001% Z sk
TR o [BIRCERA AT RS SR o SRS R
B IERE mf SRR EIER S ARy 107%
B 98% ~ ARy T IE NI R
EIERSTARy 81% B 84% (FPY) @ FFAEK
B3 T R A8 S AE Y OR 3 2 o o BT 5B TR
WEfRREE A ® ) hEMERE
RO AS BAFIY N 0.01% B+ [FIKCRE
I 70-130% & FEHE o

x 100 (%)

T~ R R
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DU 5 B (o] e R o2 A e St s I BE &
HOE & MR
LOQ) :

(limit of quantification,

IR pg/mL x FRFEREFE mL x

g
6 x =
10° ng  HURSCEL (2)

x 100(%)

JE S B AT 2 T vk AR 4y Ry 0.409
mg/kg ~ 0.214 mg/kg > (RFAIEF P E R &
HE  EAE T/ NAER 0.5 mg/kg ~ BT
HFARRERE>EHR S EZ
0.00005% » AT 44.5% =gtk H < PR
&y 0.0000222% (FHE R 0.222 mg/kg) ©

N EEHTARER
(Repeatability) Ff&

5

i B A IR P BRI AR HE R 0.1
ng/mL - EHEEEAMESRT 6 K - WEHE
6 Kotz AR ERA (RSD) > Ky
1.14% -

RO~ SHREE C IER RN Z MR BE R FLE R [ R

Table 4. NDPA recovery in trifluralin technical material and emulsifiable concentrate

technical material

emulsifiable concentrate

Concentration of NDPA

in sample (%) Average recovery RSD Average recovery RSD
(%) (%) (%) (%)

0.00002 - 84 1.10

0.00004 98" 1.16 -

0.0001 107 0.42 81 0.85

D Recovery determined by matrix-matched calibration curve.
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B R HEREE T A SO R e
=g PR R B AR Y R A RN IE S

R A P A TR -
i i

AR R IR A BT A
AL 3 B S R 22 R 2 SR
o AR -

i SC0RK

1. BEFBREHEYISCH L © 2021  N-Fifig
B T IFEA K - ¥ H https://nehrc.
nhri.edu.tw/2021/06/02/n- B8 A 1& — TF 5
[/ (May 6, 2024)

2. BFEL ~ R~ A - 2003 - FFH
JE TR RS B i s BT E I S 7Y - BHEHT
H1 25 : 24-29 ©

3. BEZET 0 2024 o RBEAEHERIAR HE RIS —
bt 3R =2 — R ER MY IREH
F o BERRTEES 1131876232 H¥ N -

4. FHAETEFIER © 2023 « NEHETE—A
R L SRR S T A — B T

. European

T () o #RETEH 1111901537
9 o

. Agency for Toxic Substances and Disease

Registry. 2019. Toxicological profile for n-
nitrosodi-n-propylamine. Retrieved from
https://wwwn.cdc.gov/TSP/ToxProfiles/To
xProfiles.aspx?id= 1005&tid=211 (Jun 8,
2024)

. Ambrus, A., Hamilton, D. J., Kuiper, H. A.,

and Racke, K. D. 2003. Significance of
impurities in the safety evaluation of crop
protection products. Pure Appl. Chem. 75:
937-973.

. Balayiannis, G. P., and Karasali, H. 2023.

N-Nitrosamine impurities in ethalfluralin:
determination of an overlooked deleterious
source in pesticides. Agriculture 13: 1104.
Commission. 2019.
SANCO/3030/99 rev.5 Technical active
substance and plant protection products:
guidance for generating and reporting
methods of analysis in support of pre- and
post-registration data requirements for
annex (section 4) of regulation (EU) No
283/2013 and annex (section 5) of
regulation (EU) No 284/2013. Retrieved
from https://webgate.ec.europa.cu/dyna2/
pgd/documents? keyword =SANCO%2F
3030%2F99&op=0 (Nov. 22, 2024)

. Food and Agriculture Organization of the

United Nations. 1988. FAO specifications

for plant protection products: trifluralin.



10.

11.

12.

13.

14.

Retrieved from
https://openknowledge.fao.org/items/6d10
d2e8-265e-473b-ae5¢c-b693dd93£8d5
(Aug. 16, 2024)

Frassanito, R., Benfenati, E., Ciotti, G., and
Fanelli, R. 1994. A simple method for
determination of N-nitrosamine traces in
trifluralin samples by gas chromatography-
mass Environ.
Chem. 45: 199-204.

Garofani, S. 2002. Trifluralin technical

spectrometry. Toxicol.

determination of the nitrosamines content

validation of the analytical method.
Retrieved from https://openknowledge.fao.
org/items/6d10d2e8-265e-473b-ae5c-b693
dd93f8dS (Aug. 16, 2024)

International Agency for Research on
Cancer. 2024. Agents classified by the
1-136.
Retrieved from https://monographs.iarc.

(Nov. 22,

IARC  monographs  volumes
who.int/list-of-classifications
2024)

Kim, H., Sung, D., Yu, H., Jang, D., Koo,
Y., Lee, S., Lim, K., and Choi, D. 2021.
Comparison of EI-GC-MS/MS, APCI-LC-
MS/MS, and ESI-LC-MS/MS for the
simultaneous analysis of nine nitrosamines
eluted from synthetic resins into artificial
saliva and health risk assessment. Toxics 9:
230.

Matuszewski, B. K., Constanzer, M. L., and
Chavez-Eng, C. M. 2003. Strategies for the

15.

16.

17.

18.

19.

—iEtkh ARk ik 53

assessment of matrix effect in quantitative
bioanalytical methods based on HPLC-
MS/MS. Anal. Chem. 75: 3019-3030.
Maybury, R. B., and Grant, R. G. 1983.
Gas-liquid chromatography and nitrogens-
phosphorus detection of N-nitroso-di-n-
propylamine in trifluralin products. J.
Assoc. Off. Anal. Chem. 66: 1209-1213.
Mutsuga, M.,
Kawamura, Y. 2013. Analysis of N-
nitrosamine migration from rubber teats
and soothers. Am. J. Anal. Chem. 4: 277-
285.

Sung, J. H., Kwak, I. S., Park, S. K., Kim,
H. 1., Lim, H. S., Park, H. J., and Kim, S. H.
2010. Liquid chromatography-tandem mass
of N-

nitrosamines released from rubber or

M., Yamaguchi, and

spectrometry  determination
elastomer teats and soothers. Food Addit.
Contam. Part A Chem. Anal. Control Expo.
Risk Assess. 27: 1745-1754.

United States Environmental Protection
Agency. 1996. R.E.D. Facts: Trifluralin.
Retrieved from https://www3.epa.gov/
pesticides/chem_search/reg_actions/reregis
tration/fs PC-036101_1-Apr-96.pdf (May
6,2024)

University of Hertfordshire,
2024.

information for trifluralin. Retrieved from

Pesticide

Properties  DataBase. General

https://sitem.herts.ac.uk/aeru /ppdb/en/
Reports/667.htm (May 5, 2024)



54 EEMESSERIE U5 17

20. Wotherspoon D., and Hindle R. 1988.
Determination of N-nitrosodipropylamine
in trifluralin emulsifiable concentrates
using minicolumn cleanup and gas
chromatography with thermal energy
analyzer. J. Assoc. Off. Anal. Chem. 71:
333-336.



—iEtkh ARk ik 55

Development of an Analytical Method for
N-Nitrosodi-n-propylamine in Trifluralin

Pesticides
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Abstract

Hsu, T. H., Huang, I. A., Hung, L. C. 2024. Development of an analytical method for N-nitrosodi-

n-propylamine in trifluralin pesticides. Taiwan Pestic. Sci. 17: 43-56.

In this study, we established a liquid chromatography tandem mass spectrometry (LC-
MS/MS) method to analyze “N-nitrosodi-n-propylamine (NDPA)” impurities in trifluralin
pesticides. Our method can be applied to NDPA in both trifluralin technical material and
trifluralin formulation to ensure compliance with Schedule 3-2, Article 3 of the Pesticide
Standard Specification Guidelines in Taiwan. To establish appropriate analytical conditions
for our method, we referred to existing literature that applied LC-MS/MS to NDPA analysis
in other matrices. In brief, we prepared the impurity standard solution using an acetonitrile
solvent. For the mobile phase, we used a gradient comprising a formic acid solution and
acetonitrile. The column was C18, and the flow rate was 0.2 ml/min. We also established
MRM analytical conditions. We found that the correlation coefficient of the calibration
curve can reach over 0.99. Specifically, the two test samples (technical material and
emulsifiable concentrate) were dissolved by acetonitrile solvent, and the technical material
sample was extracted by ultrasonic vibration. The test liquid was then filtered and analyzed
by LC-MS/MS. For the emulsifiable concentrate, the sample solution was purified using
commercial QuUEChERS extraction powder and a purification tube. (This purification
procedure was performed to minimize contamination by other formulation ingredients

affecting mass spectrometry results) No NDPA was detected in either sample. Finally, we
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also performed recovery tests. For this, we added standard solution to blank samples, and
prepared inspection solutions according to the above sample preparation and purification
procedures. The high (0.0001%) and low (0.00004%) concentration recovery rates of
technical material were 107% and 98%, respectively. The high (0.0001%) and low
(0.00002%) concentration recovery rates of emulsifiable concentrate were 81% and 84%,
respectively. The limit of quantification for technical material and emulsifiable concentrate
were 0.409 mg/kg and 0.214 mg/kg, respectively, and both of these values are lower than
legal tolerance standards. The method established in this study is in accordance with related
validation guideline. Our method can be used as a reference analytical method to accurately
determine NDPA tolerance standards of domestic trifluralin pesticide.
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