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Abstract: To clarify the dissolution patterns of pathogenic microorganisms in rainwater runoff, a laboratory-simulated rainfall
experiment was conducted to flush soil treated with earthworm castings. Propidium monoazide (PMA) combined with quantitative
PCR (qPCR) was used to investigate changes in the abundance of viable fecal indicator bacteria (FIB). The results exhibited that after
rainfall, the concentrations of electrical conductivity, ammonia, nitrate, and total phosphorus (TP) in the mixed soil matrix decreased
by 51.34%, 45.20%, 99.09%, and 26.22%, respectively. In runoff water, the concentrations of ammonia, total phosphorus, and
chemical oxygen demand (COD) exhibited a trend of initially rising and then falling, with peak values occurring within the first
15minutes. The qPCR quantification results for four fecal indicator bacteria—total coliforms (TC), fecal coliforms (FC), Escherichia
coli (EC), and Enterococcus spp (ES)—also displayed a similar trend of increasing and then decreasing. A significant positive
correlation was found between the PMA-qPCR results and the culture method (Spearman »=0.723, P<0.001). The fecal coliform
counts in all runoff samples exceeded the limits specified in the "Surface Water Quality Standard" (40000CFU/L). The study
indicates that viable pathogenic microorganisms can be washed into water bodies through rainfall and are widely dispersed during
initial runoff, increasing the risk of their environmental transmission.

Key words: earthworm castings; fecal coliforms; runoff; rainfall; non-point source pollution
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Table 1 Physicochemical properties of the selected samples

] ) FE b
AL FEbr — ——
+4 RS
pH 1 8.12+0.19 7.02+0.11
5% (uS/em) 166.60+0.51 690.00+3.27
AR (mg/g) 0.36+0.01 1.99+0.02
MR £ 5 (g/g) 0.15+0.01 1.01+0.02
RE(g/e) 2.00+0.21 13.73+1.24
R g/e) 0.29+0.01 2.27+0.04
K (%) 11.46+0.13 32.23+1.50
TS (%) 10.03+0.16 40.08+0.13
FC(MPN/g) 20.67+4.92 3.87x10%1.04x10°

6 ) AL o W 2 O AR B ARO A R
B2 (22N A2 = 1 FEL Bl s 25 4, tH 7K 5 100mmyv/h,
W3 7 0.3MPa. i F 4l /K (pH 1£:6.83+0.03,H1 3
#:(3.90£0.20) pS/cm) ALY K.

1.2 SER 7L

BTHL 18kg 3 PR R Ll A B s #on
FgAE R B E P LR RN Sem, BN
3.33%. 3% IRt ¥ 7 NI 2kg Wl 2 (10% i & oty
L) B 2K 2 2 Sem I 48 I 5 i s 24k 535 5,
I i e VR A R T B n b 2 g 3R T P ST
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HRE 0L A T BT, 56 A 2 T AR T B A M R AR IR (&Y
4min 27s) 5 G VHINLIFEAESE 0, 2, 6, 10, 15, 20, 30,
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Fig.1 Schematic diagram of experimental apparatus
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2mL B0 %] Carini 25520 7716060 T 2mL R &
WA SuLPMA(20mmol/L),f#i PMA )£k i i
40umol/L. 78 /MR A Ja AE 4°CUKARh & 10min. [
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DL fR PMA BEFS 75 5E B DNA &5 5.
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Table 2 Primer and TagMan probe sequences in this study

I ) ik JFHI(5'>3") S 3k
. IR GTTGTAAAGCACTTTGAGTGGTGAGGAAGG [23]
Total coliforms
J5514) GCCTCAAGGGCACAACCTCCAAG
) 519 AGAGTTTGATCCTGGCTCAG [24]
Fecal coliforms
JE5514) CGGGTAACGTCAATGAGCAAA
519 GGGGCGGTGACGCAG [25]
Escherichia coli VEEILY] CCTGGTGAGTCGGAATGGTG
i CGATGATGCGCGGCG
CIEIEY] TCTCATCGGCTCCTACCTATC [23]
Enterococcus spp _
J551%) AAGCTGTGGACTACACCATTAG

A * 1 8K TaqManiR AT B3 10 S'-FAM(6— 2 3E 98 2) FI3'-MGB-NF QIR A &5 &5 - AE 9 6 1 A1),

PMA 4bF Ji5 1] TIANamp Soil DNA Kit(RAR
AL B, B 50 R & e lC DNALAE T Qubit
4(Thermo Fisher, 5% [E)JllE DNA ¥ B, LU IR i £
qPCR ¥ A5 3 S AR 4 Duan 25 POV J5 3248 1
Thermal Cycle Dice Real-Time System Lite(Takara,
TP700, H A)i3EAT qPCR 43 % T-4H 1 16S rDNA.
KT 16S IRNAL ST 16S rRNA FzBKTH
23S rRNA ] Ge kb 47 &, xS 3 Kt s
tnaA FE S FEREHEVEAT & .5 [ AR EL 2 41
2 PR I RERE B E T AR AR TR
(L) A A7 R 2 i) 2 B v i e PR A ot DAy 288 oty
H B 355 K] ) 3R (Takara,pMD20-T, K3 ), 1V 40 il 25
LR WL SCRR[27].

1.4 gt 5ot ik

7£ GraphPad Prism 9.5.0 A+ A H T A 46 A1
SRR 5 ZE o BT AR E Ry i B P<0.05 O
PRI, 23 B T S50 /i Ja PH AR A 2 T 0 22 57 >R
Spearman AHICPERT S 73 #5575 PMA-qPCR J7
EA S 4 M GraphPad Prism 9.5.0 Al R
Studio(version 4.3.1)2: il PCA K1 Mantel test €.

2 FERFE
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TG, [N BTN T K 5 1978 SR B A= 4 . B A i ]
A DL 9> 2 i I 9 R 1) A (H R L 3
R TR TR 1 25 B 28 R AN e 1280 A L 5 1 3 )
HE15d 5 i T b 3% K 1R R 0 AR R A
5x10°MPN/g. 4 1 i 451 36 3 AL v [ AERE () R A 2
3R (GB 38400-2019"% 3 K i %< 100MPN/g), 1] ]
S ] A O 1 g A U 5 e v 5 Sk A A 4] R 20
5T

EHAEEN L LB RA L EAEA. B
(TN) LA Bz Js W (TP) R 3 S50 AR T A, ik
JE FR BB AR (0.9% - HE+0. 1< Mz ] 38) A —F 40 BT A
Oy Fe e 05 3 b R B AR IR B S 1 3d
e I T FEL K B 3 e ) 4% SR R SCA PO
TR, & B FNELE A HUIE it 1 45 38 ok 7oK
B0 MU S i 2, 38 00 1 40 1 2 AR,
LR e 0] 3 vp 5 S I AU e A R R = S A
20 T 23 R 1 e A B U A O RS IR B
2P I HalTE 16S rDNA 7926 E B PCR 45 H
WAUESL TIX— M5 (B 3b) M b T 34, 5256 1 )5 1
TR BRI T A w1 AN B S, AR R T
F A

WK 2 Py, SIS e VR A R i e BRAL A i
RAT AR I B SR JA . MR
R TP ) EFE(P<0.05) FHET 51.34%+2.29%.
45.20%%12.72%199.09% & 0.52%F1 26.22% +2.42%;
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Fig.2 Changes in physicochemical properties and number of
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Fig.4 Changes in physicochemical properties of runoff water at different sampling times
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Fig.9 Mantel test based on physicochemical factors and
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