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2.2 RWJjismgERAL e
2.2.1 AL
AT T AL A VLEE 2 BRI %6
BRS MR WA | =R R SR A T 2 R
MR ZA5A 2, B BTRMER —FhFi b 3y v
T Bk A 2550 Ao DRI 3% A B0k B A A6 s (]
i A BRI ZD, mE T R RRUK AR S A S0
T DASEIR e % 5 T R A BOLXT 91 e 2 %6
HHENCR . BUKAE 1000mL, if A SmL HIE, 5% H]
ENVI - C s Fl Empore — C., 4 Fh %< BB, _F A i 43
FH 10mL Py 10mL FEE  10mL 7K 3G 4k, Z J5 7K A
L 100mI/min FR) 380 28 A< IBOUE , — 580 F e 0 PN T
- CRROWR(L: 3,V V) PR ) 23 eI, s
VR, TRWAL s, InANFREZ 2 1. OmL,
BB E . SR T IE 22 21 55, X e ENVI - Cjg il
Empore — C. 5 1 JEE 798 Fofr 5 JI6 V25 7900 F 25 4 24 25 B
EAESCR, DUnAR Il i S 7 5 mESE R B, R
Empore — C ¢ i 15mL N - ZEZBE(1: 3,V: V)

VEVEMR ST, 22 U AR OB, 91 A B AR
A 76 FPE AN ZAE 60. 7% ~ 130% Z 1], 45 5 0,
2, [ARFERAETUEARE LI 91 P 2558 4 %K
WU 4 5 HoSEU0R LA A4S B AR P34 il
FRILART 30% , AR Ak 2 3l T 7K T5 G b 5 i A5 2F
Y BEIE ) Fh KRR P A 000 0 S AR oK
2.2.2 BIEFAFERL

H A, AR A 25 8% B8 OB AR BUE R s R A
IEC ke AP e IR LR L1 % — s IR A R
FIAERURZR o AR SO LAAR 25 inds mHSCR A 6 R
ZETIECKE A P b S - IECke(1: 1,
Vi V) SRR RN 25 A 2 A AR, A A
RN BHEAT 3 ROFAT SR80, a5 R L& 2, &
AT LA R 58 F e R A B R I, 2 IBOROCR L
U, T 4143 - 2 N OR AE 54.3% ~ 129% Z [
TARRE - ECKE(L 1L,V VIIKRRRZ IECKE
AR 25 25 b, S IO A2 B, — U
BEVEZEGA ], SBNT O1 FhAe 24 i 22 U 4 .

A2 91 B4 B AR RIS, AR IR LA I AR T P-S MBS NI 34 LE Ol 100ng/L,n =3)

Table 2 Average recoveries of 91 pesticides and substitutes by disc extraction and liquid — liquid extraction at the spiked concentration

of 100ng/L. (n=3)

(B 75 A6 B b ISR (% ) TRV AE IO b DR (% )
&Y ETPOI'G E?'i, h;NVlH%; Emp})ff* H%.,Z,EA?-Z,@E— ENYIH%,-Z,EA?Z.,@E— —m A - EEk
AN A WNEI(3: 1,V V) WHE(3: 1,V V) e A=Y (1,70 1)
VR Ve Ve Ve ’
AR 73.1 49.4 106 69.7 95.3 3.6 42.2
R 64.8 45.5 119 78.9 86.9  15.5 51.0
R 72.4 47.6 124 82.0 114 3.4 49.3
2,4,5,6 - UM
] 13 S9) 13.5 12.8 20.8 10.1 74.8  82.7 82.8
TR 64.8 53.1 98.7 67.3 104 121 119
FH Pl 9.1 80.7 44.9 43.2 98.4 123 128
I 2, 35 Je e 73.6 40.8 80.4 61.2 62.7 0 0
NEE 12.6 12.3 19.5 14.7 76.7  81.1 76.2
BV AYAYA 54.1 44.9 92.7 61.1 89.2  84.5 80.7
PR 120 81.9 5.4 2.7 94.5  44.0 92.1
TR 79.7 70.8 39.4 34.0 96.7 110 113
TR 62.2 50.0 97.4 64.4 99.7  94.0 107
Fhox 68.8 46.8 104 67.8 97.0  64.1 95.2
L 70.3 43.7 106 64.9 98.0  18.5 62.8
AR 37.7 33.4 68.8 49.4 87.6  90.2 89.0
R 41.0 23.4 60.7 40.3 82.9  13.2 28.6
B - "I 52.4 44.2 90.6 60.5 88.9  83.4 77.4
2 102 86.5 6.0 6.4 101 101 105
RN 63.8 53.0 107 69.9 112 107 121
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(8:42)
B 5 2 I s Il e (% ) TR ZE IO b TR (% )
ey Efpjre B, EJV/YI Ji Emporff @., Z%’E;Pﬁﬁ - ENVI_H;@,.ZQZEZ.PEE | —x P T
AR AR WEIGH LYY WG LYY e R ),

SERGIE 68.8 50.3 108 73.6 92.0  38.4 101
B R 48.7 23.8 91.6 57.9 80.2 0 46.2
L& 69.8 73.2 20.1 16.2 87.5  84.8 82.6
2 B 64.0 49.3 106 66. 1 102 86.4 95.4
SV AVAVAY 55.4 44.4 93.5 61.4 94.9  87.9 82.5
FH 5 gz 61.4 49.4 106 68.9 106 98.7 105
L7 5E 54.6 46.7 89.0 61.0 102 108 109
R EVAVAVA 58.6 46.8 93.3 61.5 9.9  92.1 87.8
WERH 1.9 2.2 3.2 3.4 94.0  85.0 84.1
R X Bl 65.3 55.7 102 71.6 106 113 115
HEE 63.6 49.4 119 78.1 107 116 114
FET 61.2 35.7 97.1 60.6 108 24.4 98.1
SRR R 67.9 50.8 104 68.5 108 75.3 101
TR 95.2 78.8 130 87.0 104 93.0 107
e 56.2 45.1 88.6 60.7 104 106 111
I R 61.5 48.6 96.3 62.5 104 107 107
B 52.6 51.5 78.2 59.6 88.3  78.5 106
=] 62.5 57.4 98.2 64.7 125 54.9 113
fE i 104 88.9 23.7 39.3 113 111 117
Xof B 61.9 54.7 97.3 64.0 103 109 107
L 54.2 48.3 93.3 61.2 114 108 114
FH 3 S Ml 96.2 79.9 124 78.7 108 104 113
7K e 65.1 49.4 101 68.5 112 62.0 91.7
SN E B 52.9 44.8 83.4 58.6 108 90.7 90.0
4.4° - TRIEE(SS) 47.7 41.1 71.1 45.4 99.8 103 100
WAL A 56.2 48.3 80.9 57.8 108 82.9 84.5
oL 74.3 31.1 84.4 49.8 86.4 0 24.4
TR 69.7 59.1 97.9 64.7 116 103 109
IS 69.7 60.7 95.9 63.8 129 111 116
W 57 66.2 55.3 96.0 61.3 115 119 119
y - &St 90.5 71.7 60.8 41.2 94.3 9. 1 90.6
=i 57.0 40.4 93.3 61.9 105 12.0 36.4
o -5 85.4 80.4 73.9 48.8 95.3 101 95.6
wirk 1 55.3 51.6 91.9 60.9 92.6 102 95.2
L2 60.7 43.5 94.5 57.2 82.8 0 102
L T 52.9 45.6 85.6 60.5 85.4 0 95.6
Z M 69.3 55.4 94.4 62.9 115 97.2 109
p,p’ —DDE 88.3 81.9 48.9 36.5 9.5 104 95.8
K ECH 57.2 49.8 88.5 62.6 95.5  99.8 93.3
P TEL 70.8 61.1 9.8 66.1 85.9  85.7 139
Sk 51.8 49.5 89.2 63.7 92.0 0 58.4
FRREMR 75.3 51.7 93.8 63.5 100 3.9 72.2
SR 61.0 47.8 84.7 66.4 107 99.5 104
i A s 71.5 49.4 98.0 65.1 114 0 35.3
p,p’ —DDD 48.4 44.2 59.8 43.6 9.4  97.0 91.4
VY it 90.5 80.3 87.0 63.1 98.4  97.3 91.4
o,p’ =DDT 57.5 49.3 82.0 60.1 93.8  96.6 92.2
el 59.6 74.1 86.9 56.4 97.8  92.4 83.5
=Hmg 58.3 39.4 87.5 51.0 54.3 0 0
Sk A 59.3 42.5 87.9 61.8 99.1  90.0 71.3
p,p’ =DDT 55.4 47.7 70.2 54.3 94.7  100.0 93.3
[EZNEA 44.5 11.3 85.8 68. 1 87.7  28.6 44.5
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B 5 2 I s Il e (% ) TR ZE IO b TR (% )
e | Pt BN B B EROG - DV OHOGS |y oo
SHTRE ZRUTRE R LVEY) MG LVEY) e SR T
=W 62.0 61.7 82.5 56.7 94.8  53.3 95.3
TP 98.8 84.3 93.5 61.7 98.2  97.5 92.9
Y 59.1 63.7 79.4 58.1 77.9  29.7 57.5
1R 4 s 58.5 44.9 66.3 48.3 114 93.5 91.7
Cikag )i 72.5 61.5 54.0 47.8 115 102 99.1
T T HAE RS (SS) 61.2 39.8 47.1 41.0 125 99.1 90.5
S 68.7 54.4 125 83.2 77.9 131 147
FH 40P T s 65.6 53.1 93.9 63.8 115 102 105
T 63.8 54.1 91.6 62.7 107 92.7 93.3
52K G 65.5 63.5 97.7 72.1 112 110 111
KR 102 89.6 50.4 45.9 9.1  87.6 78.9
ST 61.2 47.9 55.2 42.6 95.4 106 97.5
= AR 60.9 50.8 97.4 66.0 105 97.8 95.9
B 61.6 47.0 62.6 54.7 99.0  89.7 90. 4
IR 2 A 64.4 47.8 65.1 54.3 107 89.4 93.7
EH R 73.1 54.6 63.5 55.9 81.6  59.0 60.9
B 70.3 47.3 67.7 55.4 9.5  73.1 75.3
SN B e 66.3 51.1 59.0 52.2 101 80.2 83.0
ik 3 i 61.3 46.0 57.9 46.0 101 9.3 94.2
T A R 55.2 37.1 69.5 48.6 94.0  79.0 78.1
D%l 61.0 57.7 66.0 51.1 97.8  82.8 79.8
TR S e 70.0 50.4 63.1 47.8 110 148 131
FE Tk P FR s 89.5 83.9 94.4 90.7 97.7  84.0 88.6

2.2.3 VR A B VR BE 1 R

TE 1L KA TR ACAS ) v BE i AL 80 (0% ~
5% ,g/ L) 5 52 Eh W FEXT 2 ORCR ()5 e . 45 R 3R
WY, b AR EA o i 3G, 2450 5 AR 1 ORI A
Ao Sk @ S B WA N 7 S I s = d o
A BRI, A HURE AR KA v A B R AR
HNE () 26 B B s (HA A I A AR, 75 5 7
AL, GEFE, LREEMA 1% &k
B, B 1L KB 10. 0g S A4
2.3 SAHfE - ik A e A
2.3.1 MMk

YT 20538, A TR IR A AP AR 27— AR
IS A AR 4 B ROR , 4 08 1R E 1 1 HE
JE, 03 A A 0 8 D) Al QB SEER XS EE RS T
DB - 5MS (30m x 0. 25mm, 0. 25um) . DB - XLB
(30m x 0. 25mm, 0. 25um) il ZB — Multiresidue 2
(30m x 0. 25mm, 0. 20wm ) = Fh A [7] 28 I 1) 6 40 45
FEXT 91 Ff A 25 1y 43 85 0 R . 52 3w 45 2R 3R W,
ZB — Multiresidue 2 &34 X 4540 A A 245 5945 38 47 1)
Iy EROR WL XK, 43 B B 1, R0 R HAREAIR,
FEGLAR /N5 T DB — SMS 8 33 45 65 4 7] 4R AiF 25 5 1
— 980 —

o,p’ ~DDTHIp,p’ - DDT 257} B i 22 | H R AA R i
FERUR; DB - XLB (& AR SR 5y, AR AR R, MR i
BCRR E ] ZB — Multiresidue 2 /5 9 AR J5 i (149 73 B
o BE T EEEILIE 1, A0 By 2 1.
2.3.2 PEREDT Ak

PEFAERTE WA AR KA AR R, S i ) T
PEFEA PR BIBR A, 72 IR AR 20 AT i 2R HE A o
TRUE R S5 SO ERE 1 SRR, 92500
A0S E R L QU N K i R Y W R B
PRPIAEINL . BEFE KB, R K A 7 TR 7 3
RIVFE 1A 300 18] 2R AR 11 4B 47 55 18 T F7 (250kPa, 4E£7
1. Omin) , PRBECREAE A @GR, Z )5 5 KR =
AR AL R X I B T, 4% bR 0 o 2 A
AR AN AR AN 73 A 0 1 A )7 L (L
AR ILIE 20 T LA Y, SR T K oA i A 7
G TREAE, W T B HE (o 1.2 ~ 2.4, %%
AR LRGN RABRE R RHE T AL, S50 R K oA
oA )y At R
2.3.3  RPEES TR B A

TR MARAMEL HNBRZ, iR
TR 20 73 PR SR A0 R B 3t 5 A MR O
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R, AR T K 91 Bl 24 225k B €3 - SO e I AT ST B A
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(9 H B, E4T 0 B (segment ) J3 S5l 5 0 5 ] if 4%
] 45k A 11 5 PAY S 100 ) 5 280 R B ] ( dwell
time) , LAGRUESEA H AR ARA AL 08 1 odla R 48
DUALIE BRI B 1~ DR B I E] S S O 1, 0 BE
B TR SRR IR L 3,

2.4 JilkATSCE Y

0. 20 ,1.00.,5.00,10.0,50. 0,100,500

100

95
90
8
80
75 r
70
65
60
55 r
50

FIXS B2

45

40
35
30
25
20
15

10
5

F11000pg/L 8 AR 91 FIE A A 25 bRt R 51,
K FUACTS 53 B S0 , AR I o, ST A
Mk, KEB/FARZGAE 1. 00 ~ 1000 g/ L 1 B2 3 6 Y
HA R PE, M2 2 50(r) #£ 0. 9901 ~0. 9997

Z 6]

2% EPA J5 kK R MDLs = Lin-1,099) XS E
SCLHEAT TR (20ng/ 1) 7K 3R 7K B4 m

3.98
20.58
16.30
14.59
14.p6
31.81
8.19 1057 33.77 37.55
N 13.69 34.43
12.10
35.85 39.15
23.24 30.79
29.62
16.49
18.55 5174
L 17.37
g
et 1 (] | | N
6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40

P T 91 ey 1 i i ¥-Iai (¥ P¥l (ZB—Multiresidue 2)

Fig. 1 Total ions chromatogram of 91 pesticides in fullscan mode (ZB—Multiresidue 2)

Q1R AR 2 Bk Dl AS 33 AR/
A A3t A M T AR B A

3.0

25

20 r

1.5 F

1.0

0.5

f(min)

O1RIRZG 5>
P2 91 BeAR 4 AS 53 TaE JERE RIS 53 it SHE ARV ot AR 7 LR (LA AR Pl

Fig.2 Response ratio in splitless with surge and splitless of 91 pesticides
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Table 3 Scanning ions in segments and dwell time of each compound

B HHEE T (m/2) YIE 8] (min) B B I (A] (ms)
1 109,127,132,167,169 185,187,192 4.5~7.5 100
2 160,162,164 7.5~9.0 100
3 60,88 ,89,209,242 244 9.0~10.0 100
4 97,202,322 10.0 ~11.5 100
5 75,121,172 174,187,260 ,282 284 286 11.5~12.3 50
6 60,88,89,181,183,219 12.3~13.1 100
7 97,137,153 172,179,200 214,215,217 ,229 231,304 13.1 ~13.65 50
8 87,88,89,93,97,125,181,183,219,237 ,249 295 13.65 ~14.9 50
9 91,109,123 125,184,188 189,204 ,243 14.9 ~15.3 50
10 72,100,146 162,166,174 181,183,219 238 272 274 15.3~16.5 50
11 125,146,160,188 ,286 ,288 16.5 ~17.25 100
12 66,181,183,219,261,263 17.25 ~18.1 100
13 109,125, 162, 185,226, 238,240,241 ,263 264,263,268 18.1~19.4 50
14 93,109,124 125,127,173 181,197,199 ,208 ,210 225 ,267 ,277 ,314 19.4~19.8 50
15 97,109,121,125,199,231 ,278 291,329,331 19.8 ~21.0 50
16 81,120,121,136,152,183,253 312,314 353,355 21.0~21.9 50
17 73,179,278 21.9~22.9 100
18 112,121,125,128 146,156 157,160,168 ,176 188,274 373 375,377 22.9~23.45 50
19 125,167,195 236,237,241 373 375,377 23.45~24.85 100
20 79,83,93,125,139,145 175,214 246 248 254 256,263 ,318 ,327 337,339,380 24.85~25.8 50
21 70,81,233,234 236,263,265 ,315 25.8 ~28.1 100
22 125,150,152,153,165,179 195,231,235 ,237 , 241 28.1~28.9 50
23 67,69,161,162,165,172,173 189,235 237 243 245 250,259 ,345 28.9 ~31.0 50
24 97,99,125,165,166,181,250 252,272,274 387 388 ,390 31.0~33.1 50
25 67,139,141,152 157,169,227 ,228 251,253 ,317 33.1~33.6 50
26 181,197 208,236,237 240,241,272 ,274 33.6 ~34.1 50
27 111,159,163,183,184 227 34.1~35.8 100
28 107,135,157,163,165,181,199 ,206 35.8~36.6 100
29 125,167,181,250,252 ,419 36.6 ~38.2 100
30 181,253,255 260,264,265 323,325 38.2 ~40.0 100

PRFATRE , R BUR , T @3 - Bk E,
W45 MDLs, 85 R L3 1. 1L KRR R AL BE |
HLINE J5 , 91 FhAC 205 156 FRAE 3. 1 ~ 12. Sng/L,
Z 8], 6 b B s v R OR A s A BIL W G E )
(US EPA 525.2) s 2577 145 H BRI 3l T 7K ot
PRUE) (GB/T 14848—2017) H T /KA 25 FRAK, A
J7 ik R BUE W Sy, HLIR R A 2GR BN 55 4
DYk 5 v 04 HE AR L AR E 1, e T T
20ng/L100ng/L 71 1000ng/L A . . i =K
(R AR EEAIARSE R, LIS (Y airAd BEANSAS 23
B EINE S FATINAE S W 25 HARYIF-E s [T
FMARR bR Ew 22 25 R W3R 1o A AZGF- 2 [l iR
7E 50. 6% ~134% Z [a] ,RSD ¥/NFSEF 20% , LA
CERADK A LRI E ) (US EPA 525.2) i 25K
HIRE , ANT7 1% R A 36 MR 2 B 3 1 AR L A

— 982 —

2.5 SEhRFERINE

SR FHAS SO ST B IRRAE I, AR 3 — B g
SEJTEHT TRAPET AT 231 44T KR A
Fidho 231 MU R KA i p LA H 15 FhACZY . Bl
DL I S N NAE =S N AVAVANA
EE S R AV AV AN R AVAVANN R AVAVANNAR Y N
e A R4 B o, p” - DDT p,p’ - DDT,
p,p’ —~DDD( 3K 4) o Horp, 3% HUGRAG H Al 2K i 2
(8 FAHLE.3 FAPLBEFN | FhaglaAcsy) R
T 2 L HETS M R A R . R,
A A BN X 2 ] T K P AR 24 B B R A R

3 4k
ABIE T LA R AR 25 O B 58 H AR, DLt
TOKWEFTER G i A 3 - B A A



56 W A M K 91 Fhefe 25 28R B SME i - BT A o e e SO A %40 %
4 pE T AET 231 AN HLFORFERARZIS T
Table 4  Pesticides detected in 231 groundwater samples of 7 provinces in China
S RE Hh X % H A U DORE e %
R o R KSR K2tk R FrARLI AR o o
2=} (%) (%)
HIX 1 13 2 FRH M HFF R 15.39
HIX 2 28 11 3 F5 o L I S 4 TR 39.29
(S eSS DT A AR N | R AVAVAN
HIX 3 112 17 12 R AVAVANN - A AW AN AW AN 15.18
DDT.p,p’ = DDT p,p’ - DDD 521 15.58
X 4 34 3 3 B 3520 B 2355 Lt 8.82
X 5 19 2 1 FE 10.53
HX 6 2 0 0 / 0.00
X 7 23 1 1 FH L S Ml 4.35
Mt 231 36 15 / /

T/ IR AR AR

SRCHEATIAL, , X5 7K 0 8 4 U (] 3 i1 A+ 2 B
PR AT AL I AT s B A AL, F T S T 3
TKH 91 FhAe 23R A< L, SAH A — B PE A E
WO . KRR AU , #5425 7 ik th
FRK 3.1 ~12. Sng/L, P2 inds a1 e 3275 54. 3% ~
129% [a] ,RSD <20% , J5 {4 3 BRI AR T (iR K
HOE HLY A 2 ) (US EPA 525.2) J5 kAt BRI
(MR AR AR UE) (GB/T 14848—2017) 1 T 2Kk
AGRRAH , H o1 B RO 25 B s 2 Rk
PL R E ) (US EPA 525.2) IR

AHI 58 R AR - BTk vk 73 B b T K
O1 Fhfe 24 Z2 5% B , AN e 18 76 B[] P4 52 i 91
PGBy B, A7 BT ) SRR v A B RS %
B, Hordad v, s A R BUKEE 8T, B
AEEWIN MG, 7358, Jrik g s nl i oK
H AR 24 % B PR s A R A S e BRI AT HE A R
H
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Analysis of 91 Pesticide Residues in Groundwater by Gas Chromatography
— Mass Spectrometry
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(1. The Testing Center of Shandong Bureau, China Metallurgical Geology Bureau, Jinan 250014, China;
2. National Research Center for Geoanalysis, Beijing 100037, China;
3. Key Laboratory of Eco — Geochemistry, Ministry of Natural Resources, Beijing 100037, China)

HIGHLIGHTS

(1) A rapid method for the determination of 91 pesticides in groundwater was established, by liquid — liquid
extraction — gas chromatography — mass spectrometry.

(2) The method not only covers more types and quantities of pesticides, but also has a lower method detection
limit, high sensitivity ,and good accuracy. It can be used for rapid screening of multiple types of pesticides in
groundwater.

(3) The established method was used to analyze 231 groundwater samples from 7 provinces in China. Insecticides
and herbicides were found, which strengthens the need for analysis and monitoring of pesticide residues in

groundwater.
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ABSTRACT

BACKGROUND: Fast screening of multiple pesticides in groundwater is an important technical support for
comprehensively characterizing groundwater quality and ensuring groundwater safety.

OBJECTIVES: To establish a rapid, easy and highly efficient method for the determination of 91 pesticides in
groundwater.

METHODS; By selecting and optimizing the water sample pretreatment method and gas chromatography — mass
spectrometry analysis conditions, a rapid analysis method for the simultaneous determination of 91 pesticides in
eroundwater by gas chromatography — mass spectrometry (GC — MS) was established. The targets were determined
by GC —MS and quantified by an internal standard. After optimization, the target substance adopts pulsed splitless
injection, separated by Zebron Multiresidue —2 chromatographic column, and segmented selective ion scanning.
RESULTS: Under the optimized conditions, pesticides showed good linearity with the correlation coefficient
between 0.9901 and 0. 9997 in the concentration range of 1.0 —1000wg/L. The water sample was subjected to
liquid - liquid extraction and concentration of dichloromethane and then tested on the machine, yielding method
detection limits (MDLs) of 3.1 —12.5ng/L, the average recoveries of 54.3% —129% , and the relative standard
deviation (RSD) of 1.2% to 20%.

CONCLUSIONS ;: Compared to previous studies, the method not only greatly improves the efficiency, reduces the
cost of analysis, ensures the effectiveness of sample analysis, but also has wide applicability, high accuracy and
high sensitivity. The method is more suitable for analysis of large batches of samples, which ensures the timeliness

of sample analysis. The method has been successfully applied to the national groundwater pollution survey.

KEY WORDS: groundwater; pesticide residues; gas chromatography — mass spectrometry; fast analysis
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