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Effects of phenolic foam on earthworms and soil microbial activities

LUO Qiuping"?, LI Hu"*, SU Jianqiang"*

(1.College of Resources and Environment, Fujian Agriculture and Forestry University, Fuzhou 350002, China; 2. Key Laboratory of Urban
Environment and Health, Institute of Urban Environment, Chinese Academy of Sciences, Xiamen 361021, China)

Abstract: This study explored the effects of phenolic foam on Eisenia fetida and microbes in soils. In this study, we added different
concentrations of phenolic foam to an artificial soil and investigated the survival and superoxide dismutase (SOD) and glutathione
peroxidase (GSH-Px) enzyme activities of E. fetida. Meanwhile, soil respiration and neutral phosphatase (S-NP) and urease (S—-UE)
enzyme activities were recorded following phenolic foam addition to determine the chronic effects of phenolic foam on the activities of soil
microbes. The results revealed that the half-lethal concentration of phenolic foam was higher than 5 000 mg-kg™'. Moreover, in soils treated
with 1~5 000 mg- kg™ phenolic foam, the levels of GSH-Px activity of E. fetida ranged from 27.47 U-mg™" to 56.96 U-mg™", whereas those
of SOD activity of E. fetida ranged from 32.43 U+ mg ™' to 58.10 U+ mg™. In addition, GSH-Px and SOD activities in soils treated with
phenolic foam were significantly higher (P<0.05) than those in the control soil, indicating the occurrence of an anti—oxidation response to
granular phenolic foam in E. fetida. Soil respiration rates ranged from 0.041 pmol g™+ h™ to 0.055 pwmol - ¢+ h™", and granular phenolic
foam significantly inhibited soil respiration (P<0.05). However, phenolic foam treatment triggered no significant differences in S-NP and
S—-UE activities. In summary, phenolic foam had no lethal effect on E. fetida, but caused oxidative stress in this species and reduced soil
respiration.
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Wifs HEA:2021-09-27  RAAHHA:2021-11-26

EF B PRIE(1997—) , & Am KGN B 0F5E A, BEEMNEAREEME Y2409 . E-mail : gpluo@iue.ac.cn
HEIS1EE 25K E-mail :hli@iue.ac.cn

E&UE : HEAAPEREE I H (U1805244)

Project supported : The National Natural Science Foundation of China(U1805244)



BRI WS R ATIRAG)  - MERCE  HE 977

Ty TS 6 A S o M TR L L AR AR | ke T R R AR
TnFa e B s pE AL AR R A ) Z LR R A MR,
H A 2 s 35 38 ZEAL R 1 9 ) 4R 4 ek
K7 R KR T 505 20 1228 50 4R LUK, B 1 i
WA 12 - AR, ZE A 4 A A 1 B B B
VBN B ST A (™ I T A U R AR
PR A P 5 B3k B 498 [R) B i T VA ok LA
it P T AT, G O R A A a5, DA A # Ak
1L AR b 5 0 BRI OB AL (MPs , AR <S mm)™), Ff: 17
ISR AR R AR A i RS
PRI 7R S0 R L R A I s e

IRBE o ) MPs 353 HL A B AR KR APESR KL
TR0 BB T R Jo A2 4% A R A AR R o
60% ) MPs J&: “ PRJE Al 80 A SRRSO B A% A0 1
3 1 MPs HE LA R A, DR IE MPs BE 7 1 38 fp K 77
M, O TR R LIRSS P R e S R A
] 25 B AR K — F IR TR 2R3 9 50 . MPs V5 4L 51k
B A 12N L FE YRR P AL N 3 A0 A R
SiE BB SN DNA 545 DA K 44 22 B vk A48T 1
0, HETKET MPs BOF 5 EZEXTR 206 (PE) (R
AN (PS) MR FLER (PLA) SR AW, BF5E K BE
5> B P X6 A 4 AT RSB PER 2, MPs Bl 4
1 AL AL R AT RE S 0 IR A K B AR 1
AN LA RO BETE AR T RE 5 A 0 BR R
PRI RS 242l

SRS W I G 3R A W) 12 A P % B [ b At
FRHR A PR (HAG SC T R g XA g vV E Y
WG HIE A o W98 2 BRER T A4 R X R il 1 &bk o
P LDso>16 000 mg-kg ™", %A 77 $2 H By [ A I A
BEPEAE AR RCREE I O —F b4 ) v 170 U0 25 5 11
PEAESR MPs V5 Y5 e T )12 6T, SR 6 F By v Ik
MPs [ BF A28 A BR . TRESTRIAL 25 57 % 1 )
T YL VR MPs 22 FEIR /K RN PE A P (R AR MPs S
B A B A S ARG, R, R
W BRI B T RE SN R G E KRS ik
5] 2 = 3 i R R L IR R 2 — |, O A A T
B EREE R IR R T AR HEE 23 0 A 7T
SR AR R R R R IE S A RE R A
AR R R B 9 HR /R AR, BT MPs B
BUN G i B e, B e T R 2 4k - e s i LA
RS B R A, DT X Sl B AR K
B LA R IREE = R [ o222,

A A VLR T 22 VR B & 1 ARk G 20T, 4))

T AL AT I 2 0 T T U 34 IR AR R — etk A 358,
PVMAC AR S P93 1 A T AT [ A VR Y 7 K8 43k B T - 38
o, LA VR A 5 8 B NSOk . B AR A
LA A v — e A AN AR L (R 5 ik 5 TR
) A P TS 96 A it FH T 38 )5 — D 1T nT BB X -
Y PRLE A e T RE i UG H s o — L E RIS Y
RS AREE R T, B v R i U A =l B
Xof - 58 Bl ) B LA R PR 3 R 5 e - 3 A T R
PR T A FH 0 T 0 K 2 A M I PN 8 45 B
BLATRTIN b, A7 SRl AR 7 b A e I Y AR £ P X 1
) K AR PR e B PN ATS o B, DT A
HFEE AP TPEAGASE 42 T HERR

BRI, A SC A P I3 195 3 2K MPs o = B2 50 X6
%, B IAT 56/ K AL (OECD) fl 5E i i 5] 2
PEEE M0 5 k0, LR % ik 5] Sy i = - 1 3
T 3800 46 7 d FNER 14 d e 23R ot
5] P PR BN, IR FE B Y TR ke W51t S Ak
Pt 155 D5 T 5 D) - A I R S 23 v el A M
BTG, TR AN (] Jo ek Y T T YL VR A L1 v i A
TE 64 d J5 X6} 38 K D REBE AR, LAY R Alh A= it
TR T R 9L R )t PR A A i O S, ol A R
PEALEE TR

1 #MREFE

1.1 trfs| SR

T YT 93 A48 /) 25 T 25 i 5] 7 A 3 0 1 T —
VR IR B 5 4 Ry 32 30 W, a0 i ST ke s o o
WM BRI T p 552914 7 d, T 434
LR 5y K Be H ok - 70% A1 9Ehb , 20% =516 %6 1, 10%
Ve s 8 (LA T BTt b ) , U ik 2 45 9 45 pH - 6.5~
7.00 SAMRE G N B TR 5K E
H35% FeAn , N T A3 US N 0.5% 1 e AT by e | £
T E IR . TEIRE N (20+2)°CHY S 1E HEA TR 1S
72,9146 7 d J5 PRk A B A B B H R/ — 3K iR A
300~400 mg M U513 W , 64 7 B .

T2 50 FH 114 A FH I8 T 960 TR R 1A A 2 K R o B
B R T J& 2R By F I AROR R R SR T
B A )T 300 e e YR T T B P AL A T A e, L
FLBRAE T 35 95% , MBI S5F 15T oK PELT (AT ik
95%) , PRIKPEFN L8 Bk BELT AR 2R 32 A SR 5
M /iy, pH 2 P ATy Z R AR KR . Hofk
22 ZE R TE W MOUGEL S5 Sk ) H i o A58 BT
3 TS 9 R R A R P S (U R 2R (AR OR T R g

WWW.QEs.0r9.CN




m@g 978

URETRR Rt Y F 4155 5H

2R 45 ) 3 A A5 (7890A ; Agilent Technologies,
Santa Clara, CA, 2£ H ) (& AH (0. 1% Y (UltiMate 3000;
Thermo Scientific , Waltham , 35 [E ) #15 FH €@ 3% i 7% Bk
FHAX (2020NX ; SHIMADZU , H A< ) 52 , 46 0 45 5 44
& FAG H R (5 mg - kg™, WA 21 & 9E 47 8 Mk 4 i
a1l

Z: 08 OECD No.207 5% 56 v PRI (A 244k 25 3 855
AP R IR WE I ) (GB/T 31270.15—2014) 55 15 3
43 RN T A3 43 50 355 7 AN 14 K0 7 ke 15]
B2k AR I 750 g AT HE (PR
THED A 9w 525 ¢ M IR R 1 150 g IR K EE TS o
FIHERZ 3.75 g 26 A\ 1635 B 35 SRk & b IR I A
262.5 g HRAIK VALESRF 35% () - SRR o (<308 o Dl 7
W 7K PRA S B RDRL A% (<5 mm) FTEL A SC
FRAFFZE B T T Y TR R R S, D 2 moum 7 D) 2o 8 7
T YL TR FURE (7 52 bR A 7 vy i T VL TR K 22 02 L
2.2 em%2.2 emX1.8 em A5 B K /INE [RIFE PAR 52—t
PEA L3R A0 F A PR e S BUR ZS  TRA EA
T, RIS LR E 220 . B K MPs
B I35 4 1.10,100, 1 000 mg - kg™ ; FH: 48
[i1) S B fift S, Al SR I S VLR 2 a F1 S a S5 1Y
TR A A B A e 2 AR 2 T TS 94 TR S
Rof ik, RS/ N 50 T D 0 T K ol P o, — 4R A
SHAEY, —ER MR 1 g-kg!) NI 5)
3242 000.5 000 mg-kg™ o FRIUE 2 A0 B S 1 7K MPs
(<2 mm) ITA B R AF A9 N T A3, R 1 TR
5o T VAN T T 0 VA X BEZH (CKO) , BN Ak 3
WAANEE B EEHUE 10 2548 KIESMIT H Gtk
BT A2 e . TRV R IR A (T I g 2%
LI, HWS-450) Hgk s 5%, 5 2~3 d i
1R B T K LR R 35% Y 4 3208 BE | IR M (20«
2)CH, Ay FREFRES T RANER 14 KWEEF10 ik
W] (R A7 106 50, R At e ) 235 e 51 G 52 1z B Ay
FET 6 B) X REZH B T R 4 i 7E 109% LA NP,
1.2 i 5] B 14 B i

Ry 12 43 b TS T U0 TR MIPs X} IR 1 52 Jiek 5] 14 2
PERONE , SR N T A 3940 B8 oA A K AV fe TR A IR
EEFRAA PR LR 64 d, B W1 HE 14 A ABBE R 55
PR RS E 50 do R HA R AN 2 B K R
TR RSN S o 38 s T | g
it 8 A R L AT R Sk 23— 2 R I T B 9 UK 174 A B
B

AF 5 R A I e 51 B VAL B S B WANG

1% WHART]

G ITE . BRI o IS A A B 3 45 E
KIG S A W 25 72 5], & 5 2B B /K i R
o, TG S0 RN 24 b, B oK seid AR I
TRy BRI R JE B R 3 12 10 Gm/ V) A ZE BLER K,
FH TRl 75 ST 519K, 46 10 000%g .4 CF &
> 15 min, FIFEN A 10% 00l 85127 50, DL $ e
PAE 4 CF AT WA B b 3 VU 000 2 ke s )
LB E . RIS R R A AR T AR TR
TR AT BRZA w1 (o B T BCA ¥ 2 11 5 & 0 s i )
Bl AE A ALY AL G (SOD) 1% Fi SOD & i 7 &
(WST—1 356 ) W 5 43 bt H IR 48 Ak P i (GSH-Px ) %
FH GSH—Px I 2 15551 5 (b e i) P .

1.3 -3 i 1 A P IR 53 22 )

- S I RO R SR 23 BB i 1] 5 e 51 A ]
D32 T s R FREUR T 42 0.1 g, SR A 18 v P
IR 1 (Soil neutral phosphatase , S—NP ) 3 P4l 22 12457 &5
D72 S-NP G, S=NP 16 P LAAE /N 58 4R K i
421 nmol PNP 2/~ (nmol - gf1 <) s FREBUATF 10.2 g,
¥ M8 A HE R (Solid—Urease , S=UE ) 1 P4 M 2 i 71 &
Mg S-UE i& ¥, S-UE i&PE L v EAE R = A2 1 pe
NH;-N R (U-g™) o BEE M 10 £ 3400 [ g
LAY T RS AT

PRECS g B i AT 3ECA 120 mL L3,
25 CWE F 24 h 5 il ] A0H €5 3% £ (7890A 5 Agilent
Technologies, Santa Clara, CA, EEMZELhFMShiy
Ti s SARH B CO & &, Tl COL ™ R ZE(E B 18
I3 R LA umol g7 - h ! IR
1.4 BUBLIES W

I B R H Microsoft Excel 2019 1133 4 1 | 22
5t ZE (One way ANOVA , P<0.05) FIAH K143 B R
FH IBM SPSS Statistics 26.0, F:{K P FIZE M AH 5404y 25
SRR Origin 2021 2211,

2 HRE5HMH

2.1 EREEE A X w5 A B SE4E F
TS IR AL T 7 d F1 14 d OS5 a8 1 AR o DA
BT DA A ) 5 2 P s g6 R A P b ke 5 7 7 6
EGRUNTIN B VAR G o B ZH TG i 2 22 S, U I I
YL TRT fe 15 TG 2 BOEAE T
2.2 EREE AR XA EE] GSH-Px B SOD i& 14 A9 %0
Kigt 64 d )5 , o7 1% Wk 15| GSH-Px f2 SOD i 14 1)
W5 25 5 0L & 2. % R 4 A b 5] GSH-Px {6 1 4
15.06 U = mg™", ¥ T B A 760 K 174 45 A P4 099 3 P



BRI WS R ATIRAG)  - MERCE  HE 979

74 O144d

10 12—,

St

fe IS0 R/ 2%
Earthworm survival status/piece

CK 1 10 100 1000 2000 5000
AL P Treatment/(mg-kg™)

B 1 BB AN IR T 2 B E R

Figure 1 Effects of phenolic foam on the survival of earthworms
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Figure 2 Effects of phenolic foam on the activities of glutathione peroxidase (GSH-Px) and superoxide dismutase(SOD) in earthworm
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