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Pesticide pollution characteristics in sediments of the Minjiang River’s

upper and middle reaches

ZHANG Hui' ™ LIU Zegian' CHEN Chen' CHEN Yong® Ll Jing’
WANG Xinyue' HOU Xiaoling® CHEN Huan' YIN Hongling'
(1. College of Resources and Environment, Chengdu University of Information Technology, Chengdu, 610225, China;
2. Chengdu Ecological and Environmental Monitoring Center Station, Sichuan Province, Chengdu, 610066, China; 3. College of
Water Conservancy, Yunnan Agricultural University, Kunming, 650201, China; 4. Department of Environmental Engineering

and Earth Sciences, Clemson University, Clemson, SC 29634, US)

Abstract The Minjiang River basin is an important ecological barrier and water conservation area

in the upper reaches of the Yangtze River. As the largest first-order tributary of the Yangtze River,
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the Minjiang River's organic pollution status deserves more attention. This study collected river
sediments from 21 sites along the upper and middle reaches of the Minjiang River and, for the first
time, systematically analyzed the characteristics of 40 pesticides using ultrasound-assisted extraction
followed by gas chromatography-mass spectrometry. Through correlation analysis and principal
component analysis, the study investigated the pollution characteristics of 40 pesticides in the
sediment of the Minjiang River. In this study, 35 pesticides from 8 classes were detected, including
11 pyrethroids, 9 organophosphates, 6 organochlorines, and 3 dichlorobenzenes, with detected
concentrations ranging from 0.2 ng'g”' to 633.9 ng'g' dw. Pyrethroids and dichlorobenzenes
contributed to 64.6% of the total concentration of pesticides. Significant differences in the types and
concentrations of pesticides were found between the upper (Minjiang Source-Dujiangyan) and
middle (Dujiangyan-Minjiang Bridge) reaches of the Minjiang River, i.e., 9 pesticides vs. 35
pesticides, 0.7—100.0 ng-g™' dw vs. 0.2—633.9 ng-g"' dw. Principal component analysis suggested
that pesticide pollution characteristics were different between the upper and middle reaches of the
Minjiang River, primarily due to differences in the concentrations of pyrethroids and
organophosphates. Correlation analysis revealed that pyrethroids may have a common source. In
addition to agricultural non-point source pollution, non-point source pesticides from urban parks and
green spaces should also be given attention. The results also indicated that concentrations of
pyrethroids decreased along the river flow in some specific sections of the Minjiang River,
suggesting that they may undergo a certain degree of degradation.

Keywords Minjiang River, river sediment, pesticides, pyrethroids, pollution characteristics.
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A 2575 Y 98 LA ML AR 25 3=, 45 53R DRI U8 T RS2 /K A HLAUAR 25 1) 2R RS . Hog
TRV QAN AT . BRVLANVEE I A I S TR [l AP 2R i A 24, gl A ML 25 (DDT FI7S/578) - A HLBEAR
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T 24, A FEA HLEAR 251 A HLBE A 2510 FUAIR HU A PR 2 A 24517 RUB IR A 24508 25 Wl IgE iCUe A Sy
PR IAFAE IR, P RESE R — 2 VR AR 24, X /K AR 25 2R G0 b v e A o~ 200,

RV R A VT L A — SRS, T AT S T K R K, FE U 48 DU )1 4 Hb RS, 95 2288 43 3000 m,
FEVU A AR & R | A AR BE OR3P AR R 7K 28 42 T T & ¥4 4 JE A R 2 RV Lo 368 b A IR, FRIVK 72
i, FIFARANED A FPAE, Tl R bt 3% 3 J J , T i ™ g A 222 2 4 e 4422 A F 9 2 A i
TLAKARAETE A HUBEAR 2475 Y, SRR T I0] S V8 Fh AR 25 A 98 /0, IR URAR 24 19 15 YR SRR AE AR 0.

A58 DA YT. - Y COR 7T 5 - R VT 48 ) A0 v i (R VT - VTR ) A R 98 3 42, SR SR € 1% - Jo ik
Tr 53 A T ORYL b bl EE W IR e T Y 40 FheA 2y, W T AR GRS AR B, SR TS ek
fiE. BFFRAE R AT AR b A il G BAS R AR 25 AR e A A8 A 5 A A fid e (AL 2 1k 3

1 MBLE )7 (Materials and methods)

1.1 BESRAE

URYL b A i R AR [R] R 2023 4F 9 H . WFIRYL ek i if i & T 21 A SRAE A (1), RN 8
RAVE AR R R Ve R 5, B SRAE SRR 3 AT R IR TR AR T 26 T 200 mL 3R N M SR AR R T
—20 C B HREAT.
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DEM/m
0 4000—5426
2000-3000 iy
’ mm4000—5150
1000—2000 3000—4000
500—1000 2000—3000
288—500 1000—2000
500—1000
0 30 60 120 km 340—500

LIRITIE, 2R B 1, 3R A2, 4 UALEFROGHE, 5 FRHAT, 6. )11, 78585, 8B TTH, 9. 8584, 105K 20,

VLFF AR, 12,80 A 8, 135 AR, 143D A, 15 ZR8I50 A, 16,004, 17 3 A% A6 18 RHAE O, 19.0RIT55 KA,
20T A H, 21 URIL KR

1. Minjiangyuan, 2. Galitai-1, 3. Galitai-2, 4. Jivhong Grassland Scenic Road, 5. Hanpan Village, 6. Chuanzhu Temple, 7. Zhenping Township,
8. Weimen Bridge, 9. Moutuo, Village, 10. Qingshuihe Urban Park, 11. Jishan Bridge, 12. Yingyue Street, 13. Baihuatan Park,

14. Shahe Urban Park, 15. Donghu Urban Park, 16. Shuanghua Bridge, 17. Huanglongxi Ancient Town, 18. Fuhe Ferry Crossing,

19. Minjiang Second Bridge, 20. Jiangkou Street, 21. Minjiang Bridge

31 WA o 27 e S N AR =N &
Fig.1 Sampling locations in the upper and middle reaches of the Minjiang River
1.2 ARG
IEC ke (HPLC 2%) . S W ke (HPLC 2% ) MO K B R Bk (To/K 2E40) B0 S5 R i Rk AL 27 i
BRZS ). 40 Fh AR 2518 G RV (100 mg-L, 3 1) WSE B KRR RHE A BRA R 3 FhAfe 2 s O
Bi#E-d10, F5ALH-d10 HIFHLR-Co) WK A _E I 238 S BH A BRAY R (B35 9 £ - jiE-N-TN R rk o
(primary-secondary-amine, PSA) W43K [ 11 7R 75 = SEIRAE M A7 BR 2 Al

R 1 ARG ERYANARE B ABE S

Table 1 Information on target analytes and internal standards of pesticides and analytical parameters of mass spectrometry

2l CAS% P B8 1} [H] /min ERET (m/z) ZEET (m/z)
Pesticide CASRN Retention time Quantification ion Qualification ion
o-757575(a-BHC) 319-847-6 8.480 218.9 180.9
B-7N7375(p-BHC) 319-85-7 9.145 180.9 2189
P-757575(y-BHC) 58-89-9 9.150 2189 180.9
TG K (Quintozene) 82-68-8 9.255 236.8 264.9,294.9
&R (Diazinon) 333-41-5 9.330 137.1 179.1, 304.1
' F#% (Chlorothalonil) 1897-45-6 9.945 265.9 263.9,267.9
8-757575(8-BHC) 319-68-8 9.635 218.9 180.9
ZHHRA (Vinclozolin) 50471-44-8 10.532 285.1 212.0, 198.0
FH L5 B B (Parathion-methyl) 298-00-0 10.552 263.0 125.0, 109.0
% FF i (Fipronil desulfinyl) 205650-65-3 10.700 388.0 333.0
ARIEEE % (Fenitrothion) 122-14-5 11.255 277.1 125.0, 260.0
LRI B (Malathion) 121-75-5 11.488 173.1 125.0, 158.0
F#HE18 (Chlorpyrifos) 2921-88-2 11.840 314.0 196.9,257.9
%o} B 5 (Parathion ) 56-38-2 11.857 291.1 109.1, 139.1
— I ( Triadimefon) 43121-43-3 11.922 208.0 57.1,181.0

JK Wi i (Isocarbophos ) 24353-61-5 12.070 230.0 289.1
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e
b &) CAS® 14 B 5 ] /min FEEET (m/z) ZEEF (m/z)
Pesticide CASRN Retention time Quantification ion Qualification ion

FH 3L 52 8% (Tsofenphos-methyl) 99675-03-3 12.568 199.0 241.1

ZH %R (Pendimethalin) 40487-42-1 12.770 252.1 162.1,281.1
SRS H1E4 (Fipronil sulfide) 120067-83-6 12.773 351.0 353.0

AL (Fipronil ) 120068-37-3 13.003 367.0 255.0, 369.0

J# %5 F (Procymidone ) 32809-16-8 13.304 283.1 96.1,285.1
SRR (Fipronil sulfone) 120068-36-2 14.918 255.0 383.0
It 4% (Chlorfenapyr) 122453-73-0 15.405 247.1 137.1
= (Triazophos) 24017-47-8 16.334 161.1 257.0
S 1# % (Iprodione) 36734-19-7 17.900 314.0 316.0

7 R4 % (Phosmet) 732-11-6 18.080 160.1 133.1,317.0
2K 46155 (Bifenthrin) 82657-04-3 18.196 181.1 166.1

=R (Dicofol) 115-32-2 18.346 251.0 139.1, 253.0
H (2K (Fenpropathrin) 39515-41-8 18.347 181.1 265.1

R W% (Phosalone) 2310-17-0 18.988 182.0 154.1, 367.0
FAHE S (Cyhalothrin) 91465-08-6 19.195 181.1 197.0
44351 (Permethrin) 52645-53-1 20.301 183.1 163.0
JE 45T (Cyfluthrin) 68359-37-5 21.084 226.1 206.1
SR (Cypermethrin) 71697-59-1 21.420 181.1 163.0
T Z TR (Flucythrinate) 70124-77-5 21.545 199.1 157.1
it 26156 ( Etofenprox ) 80844-07-1 21.640 163.1 135.1

EUN B (Fenvalerate) 51630-58-1 22.370 419.2 181.1,225.1

FRRE R (Fluvalinate) 102851-06-9 22.585 250.1 181.1,225.1
ik Ff 2Rk ( Difenoconazole ) 119446-68-3 22.895 323.1 265.0
T4 (Deltamethrin) 52918-63-5 23.320 181.1 252.9

FHLI%-d10( Chlorpyrifos-d10) 285138-81-0 11.725 324.1 260.0, 326.1

X} i #-d10(Parathion-d10) 350820-04-1 11.745 301.1 187.0, 285.2

LI -C6(Fipronil-C6) 120068-37-3 12.898 375.1 261.0,372.9

1.3 HEAhTTALEE

FREX 10 g5 ) Yo7 3t IS VR AE A - g e F o o, G208 A JE /K B R 6 - B85 11 2 )Y 10 R 22 O stk
A, BB A IR IR AR A S 28 50 mL BEEGT, MAIEC ke « S W EE(V:r=1:1)20 mL, ZJ5 A
MFR4 50 ng. #1742 B 10 min J5 , B 22 BOR B R AT 778 28 50 mL B4, B8 I A A BGH - #
PRI U, BT RAE IO A . B 4 A O B 1.5 mL, W4 2K BUR B B 048 (2 mL B0 48, T
SEIA 50 mg PSA F1 150 mg Jo/K G fREE) k% 30 s. i B 2 A IR 2 DI 5 B LIS W, 48 0.22 um
PTFE JEAE U8 2 2 mL AR, AT E % 2 0.5 mL LARE EALHT.
1.4 NI AT A

A 5T N A AH €838 - B 3 6 T A ( GCMS-QP2010 Plus, 55 4t ) 43 #7140 F 4k 25 . 43 4 4 Rxi-
5ms B 445 #: (30 m, 0.25 mm ID, 0.25 um, Restek) . FHiRFE /7. 60 C f#£4F 1 min, Ll 30 C-min' F+ £
180 °C, LA 5 “C-min™' F+ % 230 °C, LA 10 C-min”' F+ % 300 °C JFO-#F 8 min. #EFE FHREE 230 °C, AN40i
HERE, SERERE 1 pl, SERERTIA] 1 min. 200 AR, TR PR 1E 2 U (40 emes™).

BN BLIE, HLEHEN 70 eV, B FURIE BE 230 °C. R FH2E 5 2+ Wi ( Selected Ion Monitoring,
SIM) #4341 40 FhARZGFN 3 Tl Ax, HAR BB | @ g F IS 81 LK 1.
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HEHOR A5 AR TR Ve Ao Tk, BEAR AL By 1 0L 1.3 35, IL00 T 4 A IndsFA TR0 3 A4
A, RATINBRAEE R 10 ng-g™ dw. FIBRAE AR 254 AR 5 TH3: DS, 45 SR 3R I A 24 [m] il e A A 4%
I, Horpr 38 Flfe 245 8 TSGR AE 70%—130%, — AW (180.2%+23.0% ) ISR AR 55 (> 130%), H 1#ih
(47.7%%10.8%) IR AR AR (< 70%) . 3 B P9 AR B TSR 4331 A« X6 B i -d 10 133.3%9.9% ) , 75 AE i -
d10(83.7%+8.1%), FHE-C6(89.2%+11.2%).

2 2 3% |1 EPA b3 U 5 15, 40 B A 25 1 & B FR (limit of detection, LOD) Al &2 & BR ( limit of
quantitation, LOQ) 43 AR #& 3 £%F1 10 1% %) {5 Mk L (signal-noise Ratio, S/N) 1154, K Hi FRYEFITE 0.007—
0.146 ng-g ' dw, & it [RYE FITE 0.022—0.488 ng-g ™' dw.

JEERFEAS A 25 (RS H AR 5 5 T 2 LA 454 ()RR S v A 25 0 B A 1] B o 1 B4 sk i) 22 S5 1
0.1 min LAN; () fFME KT 35 Q)RR PR 2S5 B+ FUE i 8 F 1155 LU (E ShrdEah iy Lu(E 25 55
TE 30% LA (4) #5725 FAREAS R R i, REAS i i ik BE 5 K 128 EVREAS b i - 34BN 3 A5 M AR 22,
TG . B R e R R ER o U R A IR R e S P A A, MR EEVE ] 22 03—
1.9 ng g™ dw, Hei G 3g E 23 I 5 (10.4—18.2 ng g™ dw), ARWFFEEIE MR 2 )5 B 45

2 5B 5318 (Results and discission)

2.1 2K H R AN
SRR AEIR YT I Pl i U h A 1 8 28 35 Ak 2 (3¢ 2), 404 6 R ML . 9 R WL
25011 BRI A IR L 3 A GRS 2 BRI MRS | 2 A st 1 AR A SRR S A 1 Rtk g 2
A2, AERL Y 35 R 2 b, 5 FPAR 2546 Rl I 50%, FL 3% = AR (95.2%) . = MEwE(73.0%) | #
B (57.1%) . 403515 (55.6% ) FTR S B LS T (55.6% ), 21 R 24 B R AE 20%—50%, 9 Rl 2451
K R T 20%(1.6%—19.0%).
2 URIT LR LRI 2K th 5 R

Table 2 Detection frequencies and concentrations of pesticides in sediments of the upper and middle reaches of

the Minjiang River
, . K% ., . e . A o
AR Hig 12 Detection Kt ¥/ (ng-g'dw) K/ ME/ (ng-g'dw) KB KME/ (ng-g 'dw)
Pesticide class Application Pesticide frequency Average concentration ~ Minimum concentration ~Maximum concentration
AR TAVAVAN 1.6 252 252 25.2
R N TAVAVAN 39.7 22 0.4 9.3
. A S AVAYAY 32 3.0 0.7 52
HHLA n ,
ENfill TR 19.0 1.2 0.2 32
ARHH HE 25.4 1.0 0.3 25
PNl XN 95.2 5.6 0.6 20.4
ARG TR 492 14.2 1.1 453
B REIE AR 46.0 6.2 0.2 28.9
A AL 57.1 29 0.2 14.9
AR X B 34.9 1.0 0.2 29
HHLEE B IK MR B 23.8 6.9 0.7 21.4
AR FR L R A 30.2 4.1 0.2 11.7
AR = 73.0 33 0.3 12.0
B W RERRBE 39.7 5.8 0.4 119.0
B RA B 30.2 22.9 8.5 64.0
N A TR A i 492 5.6 0.3 294
UNI5 H 2 g .
A A4 TR 55.6 198.9 1.6 633.9
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gk 2
KK s PR g Mg ) R (g g dw)
Pesticide class Application Pesticide frequency Average concentration ~ Minimum concentration ~Maximum concentration
AU SRR AR 25.4 55 15 14.0
A el 39.7 54.4 16.8 142.9
A FEERAR 55.6 66.5 132 369.3
A SRR 46.0 226 2.5 59.8
R RAENE R RS 27.0 5.7 1.7 14.0
AR HGH] Tk 34 i 30.2 6.4 1.3 13.8
A TR 9.5 6.5 2.5 20.5
A EVisaRllS 492 9.5 0.6 41.5
AU TR TR 11.1 17.8 124 33.6
AW HAERAY 15.9 0.5 0.3 0.7
RNt
A FHTEI 32 1.0 0.5 1.4
- AR IR 222 7.3 1.1 183
AR NN 11.1 14.7 9.7 33.7
AT LIRTRZA 23.8 8.9 3.2 20.4
AR AR JEEEF 38.1 22.1 2.3 67.9
AR SR 7.9 1.6 12 2.0
TR BRG] ZHIRR 31.7 72 2.6 17.8
NLRg A Huih 492 6.8 0.6 24.0

UYL Y T0T 3 TR R AR 25 O Gt Y B T L R 0.2—633.9 ng-g ! dw. VR S AR 2 32 B g 05kt 4 g
2, WA F AR (1.6—633.9 ng-g ' dw) . FUA B MG (13.2—369.3 ng-g' dw) FlI 54 5 ik (16.8—
1429 ng-g™ dw). “EAETRIREEF(2.3—67.9 ng-g ' dw) . =R 2K EE I 3R (9.7—33.7 ng g~ dw)
A HLBEH B9 R (1.1—45.3 ng-g ' dw) IR EE W &, P EES S T 10 ng-g ' dw. 8 R 25 1k
JESTHRAN R 2 Frow, AT 04D R BB R 2R AR 2 1 o Ll i (49.2% ), R 2 (15.4% ), PIZSAR 245 1) vk
i TTHR N 64.6%.

6.9% 3.9%

w4 BHLEA Organochlorines
% AL Organophosphates
NN fUIFR H 44K Pyrethroids
=85 FE Nk Phenylpyrazoles
[ = Triazoles

T &% Dichlorobenzenes
[0 A3 % Dinitroanilines
B kg Pyrroles

15.4%

2 RV e 8 AR 25k B TTmR R

Fig.2 Concentration percentages of the 8 classes of pesticides in sediments of the Minjiang River

FUBR IR A IR A 25 SR MRT L A Ji ) LR U8 b 32 A Y B AR 24 R I, TR 2 v T T P G Al 9] 3 ke
T ORI RIAL A F A H e 58, {EL ] MDA FP A A, H e BT (3 3) . MR L v i i DX 2 A A T
B 2, AR AT T, 5k P AR 245 B BB R A il AT O A IS T o AR R AT ST A SRAE I [ DA T 2R
1, 73 BTl SRS Wi 3] 6 f4 4 25 75 SR AL, X8 HE 23 5 R 2 i A 2 A6 A A M) Tt — 20 R
WRTT PR A 2575 YEAFAE.
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R 3 TR YR P LR B IR AR 25 MR L LUK

Table 3 Concentrations of pyrethroids in river sediments: a comparison of other studies and our study

SRR X 5 PR BB TR EEE/ (ng g dw) FH i/ (ng-g ! dw) E= BTN
Sampling location Pyrethroids type Concentration range Average concentration Reference
THA IR 12 ND—9.50 3.9 [24]
b7 SARTIIN 7 ND—6.59 0.74 [25]
KM 8 0.02—2.91 0.63 [26]
FIRT) 8 0.14—19.06 6.2 [26]
TR 8 1.40—38.02 20.4 [27]
U ST 3H 25 g4 A ] 4 147—1248 ND—411 [28]
IR JE 7 T T EL T 5 1.40—489 127 [29]
ey 2N A M e 8 19—333 105 [30]
URYT. - vt 11 0.2—633.9 0.5—198.9 AT

2.2 AREGLH N oA AR

RV b rvilfe 21 A ARUALIRE U8 RS Y A AR 24 3k BE 3 A R 3 i, 45 R B e 2 A Hh R R vk
JERR T P, WA A 2y 325 9 B, AU dh 1 oA HLAZE . 2 AT MLBESS AN 6 Fh40LI%: Hh 3 1k 2
RS AR A 2 R v TS LN 0.7—100.0 ng- g™ dw, 245 Mk B Ll 3.0—171.9 ng g™ dw. EP
Tk th e 25 8 25 35 B, 446 6 P MLEZS . 9 P HLBEZS . 11 FhUIBR RUAGEE S | 3 Al &S 2 PR
ML A 2 o =i s L RIS SR 1 AR TS R OR R 2, i AR AR M B O 0.2—
633.9ng-g ' dw, L2 LK EETE Y 14.0—1217.9 ng-g™ dw.

1200 - B F G Chlorfenapyr
Bl %R Pendimethalin
Bl 7 Ik Iprodione
B JE 2 H) Procymidone
1000 + B ZJ#E%F) Vinclozolin
= — B ZE/% H PR Difenoconazole
B =R Triadimefon
= T B 5,1 B AR Fipronil sulfone
£ 300} e 5 ERAR Y Fipronil sulfide
i [ [ B Deltamethnn
zﬁ B E S5 g Fluvalinate
£ =% Fenvalerate
= 600k B Fif 45 g Etofenprox
= B 5% 5 Flucythrinate
£ = A A4 ME Cypermethrin
5 mm FAE S EE Cyfluthrin
2 400 | [ &34 i% Permethrin
3 00 & & 5%l Cyhalothrin
EH &4 Bs Fenpropathrin
B R4 EE Bifenthrin
200 mm R 2% Phosalone
i W R Phosmet
[ =Mk Triazophos
_ = ;Ti%ﬁaggﬁ'i Isofenphos-methyl
[0 [ = fiifgx Isocarbophos
0 — —
_ — — = X Hi#E Parathion
E 7 9 % zo%igga%éésééé%??%Bgoxzzﬁmwﬂomyntos
% E f w5 EEEE A~ L E e = 8 % E & C =3 OhilEwMalation
g S S g & = § °§ - E 2 9 § :E :E ﬁ = 8 f'g = CSU mgﬂﬁﬁﬁmazmon
2 -2 o 88208258 3 Ex535 £ 27 E E O =HAHN Do
saow? EE2LE 225 %F 2z 22 5 8 £ % S AAN Chloothalonil
O T 2Bz =Egras g s kA= S &Y AFHEER Quintozene
DRREZESC EEE 2w EEZ 2 58 28 E misAsoBIC
o e N B B AES g §E £ OR @EyrAAAYBHC
S sw,»m@aﬁe&awggﬁ&génga-ﬁﬁﬁa-BHc
= = Y K ERE & ®
¥ & PFEEEEZ
e = X B 1o 1
By = % R w
R s N =
=X ® 4 4
i
how
p

3 URYT L A i i U A 2 e S
Fig.3 Concentrations of pesticides in sediments of the upper and middle reaches of the Minjiang River
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Fig.6 Concentration changes of pyrethroids in sediments of the Jiang'an River and the Fu River
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