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Joint effects of galaxolide and cadmium on the quantity of soil microorganisms and enzyme activities

ZHAO Zhiyu, LU Ze", WEI Wei, HAN Xiaomo

(School of Municipal and Environmental Engineering, Shenyang Jianzhu University, Shenyang 110168, China)

Abstract: To investigate the effect of organic and heavy metal pollution on microorganisms in soil, the effects of galaxolide (HHCB) and Cd
pollution on the number and activity of microorganisms in soil were investigated. The results showed that HHCB alone and combined with
Cd contamination showed inhibitory effects on bacteria at 1 d of incubation and promotional effects on bacteria (except during single
contamination with 100 mg-kg™ HHCB) at 80 d of incubation, promotional effects on fungal growth, and inhibitory effects on Actinomycete
growth. Bacterial 165 rRNA gene copy number increased with increasing HHCB concentration, whereas fungal 18S rRNA gene copy
number and Actinomycete copy number decreased with increasing HHCB concentration. HHCB contamination alone and in combination
with Cd showed an inhibitory effect on urease activity (1 d and 80 d) (except for contamination with 800 mg-kg' HHCB), sucrase activity,
and acid phosphatase activity (1 d). At 80 d of incubation, 400 mg- kg™ and 800 mg- kg™ HHCB alone and in combination with Cd showed
a promotive effect on acid phosphatase activity.

Keywords : galaxolide (HHCB); cadmium(Cd); microorganism count; soil enzyme activity
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498w e Bt MO BT . HORIT 22914 3 [E] Kentucky
Fl Georgia 144 JA£ K FYJ5 /K Ab BRI 2E 7K H i HHCB %
BA MR S 43 B TEA T T A, 25 SR BA ZEHE /K T HHCB
HY 5% BA Wk e 2535 7 000 ng- L', GUERRA Z5E11%f 3
] ) VR A R TR K A B HE s e A T AR, e 3
HHCB & 5 £ 355 14 300 pg- kg™ 52 2% 2E00% 71
H Akt d A= 7= 1 HE A5 U6 - HHCB e B2 2L 3
#1566 mg-kg'. FifiZ5 HHCB 1 [ SR FREE rh vk 1 2
Az 25 TR A 8 A A, A 38 R A A i T AN Y 0
HHCB J& W76 1 9 43 W T 44 , 2= B 461 % 3 HHCB
A 3t ABRE D Ui FE R R 2R A s A Y i ZE L
HHCB f 18 % 75 P 8500 32 28 R B A= B BE i
MELMED" & SUAE 2 W36 v , 48 F ] LA e 1 3
WA B RS B 245 . HHCB X AR W 2F B AR 258000 32
LR FL AR ARG R AT RS, 22 T JEL AN R IR A A1 R o
i) HHCB iy 38 56 68 4% 5 208 D AR 22 3L [ 2 DNA $ii
5, HL Bl e B T s A in

Har, E4Eis Y H 255, B AR5 &
PR, BT ez fEok 2 i e EY, g
i) Cd AT R Bk, BHAT o] R 330 B R 31— ) o
st NAARMERE . T -4 HHCB 5 Cd #7038
11 IG5 K K 5 e A bt s A i A -4, 3z —
HE AT Y B H 2558 H

HAijE % HHCB 5 Cd & 515 Lot K 2 &
TR A W ARG AR A W, % - S A W T BRI S AR
XD . BRARLIOIESY K B IR B AT AT Cd X /NZZ AR
i A ZE A HLA B S A IR ELAF A ) - 2K
MK FR . ZHANG 5" 5Y & B HHCB 1 Cd X B 1 £
PréA AL R g A BA RN, 5000 1k Cd i P s 1
YR, e A i 2 8 i 8] Y, HHCB i 2 22/E ), B
fh 2 7% T HHCB B, HOE R /b, AT AR R B 5 fa
PR EER A

EEIEMEY S R G UE P R S
FRFE R PEE AL M AL sh BT . i
F -4 B0k H MU E YR A s s TS A
Joih 36 2 5 55 4 P A R A ) 5 N A
KA, G, g T R Wi . AR
55 VA HHCB #l Cd A5 4 e 5 3 = 5555 80 d J , 43

BIRESE 8 B — e S5 15 e R R L v A W
L SRR PR RS, HETIT AT ST 3 S5 S e ) o
0 A AT BEARNE , AT S i e I AY A Wi A2 Al
— & Y HE R

1 #MEEFE

1.1 X 15

P PR E T L TR AT AWFERES
(42°08.611" N, 123°20.705" E) , B 4& H % )2 (0~20
em) T3 I AR 1 PR
1.2 Xz m

HHCB b 7HERE 5 6 F 92 [E Promochem 23 7] , 4
FT5% , Ho 4y F 23 R CisHaO o [E 7= 43 Hr 2 CdCl,
2.5H,0 1 T E 25 A b 2E R A R A F
1.3 KA *E

AT R P T SE e, X5 5% 80 d Jim iy 15
i A B DA R TR PR TR Y . BT AR R A
FEHR AP IR ARG 2 T IR M SRS rh (R fif | 47 1] 52
B2 5k 2 mm 7 . BRI 200 g( LA T +3F) 45T 500
mlL B FERMBE AR H TS 5 2K 2 ) KRR K R
60% 47 , AT &S A B9 11, B 1koK i
R R M P EARSEA I S T 25 CHEIR
FR AR E IR 7 do PR SRES G R 4
Perpk g T g

2L 2 mm G J5 9 AR R — R R 51k 4
KA (HHCB ¥ £ 43 %1 2 0,100,400 mg - kg™ A1 800
mg - kg ™) 1 2 7K (CA ¥R BE 430718 0 Fl 10 mg - kg™ ) Y
SEHARE . 4> 4 CK HI H2 H3 .H4 H5 .H6 H7
LA (FR2) , AL FRE L 31k

B A AL B ) - RE AR ST IE , LA 80 dAE R KE 5%
JAHA B HE T 25 CRyfR iR SR b EE A AR

x2 FE4EH Cd5 HHCB iR ETER (mg-kg™)

Table 2 Concentrations of Cd and HHCB in different treatments

(mg-kg™)
e Yu
. Pi/'\.% CK H1I H2 H3 H4 H5 H6 H7
Contaminants
Cd 0 0 0 0 10 10 10 10
HHCB 0 100 400 800 0 100 400 800

F1 TEEUER

Table 1 Soil physical and chemical properties

Rae &S| X K AL PR R H HHCB/ Cd/
Soil type ! Water content/% Organic matter/% Available N/(mg-kg™) Available K/(mg-kg™) Available P/(mg-kg™") (pg-kg) (mg-kg™)
B 592 15.32 2.48 38 158 17.5 21.23 0.68

WWW.QEs.0r9.CN
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PRAF - B B AR SR KA /K R 1 60% 2247, 5 2~3 d i
R KR R SR A T R AR R R
o TR 1AM 80 d R LI, 23 B & 4 45
TR TR L L TR FH O T ) R DA B - SR DR e | R
TR A T 2 At 1 05 12
1.4 MEFE
141 BRI E T ik

(1) AT 55 75 G0 P 0 53 < R P [ A S A
BEURAT BRI ROE R A TR A B & R R
JE FBECR I T R R 5, e iR e IR 7 0

(2) T A= S R I 2 5 vk SR FH 92 0t qPCR 5
DNA B HEHL : {8 ] Fast DNA-SPIN KitForSoil if 7 £ ,
0.5 g A 38 P HEEUEE KT 4 DNA, I6 H% T 50 pl
KR RAFIRE A —20 °Co 5 JE R 45 DU 88 SR
eI i qPCR I 4 B 16S rRNA L FL 1 18S rRNA
FIHCER AR S B R 98 DUEC (LT 3 o dil/ERRvE
i 2k, A it o %) B R 5 DRSORR 43 i 75 o 1 42315
SR ISR U v T A SR R DB
1.4.2 - 3BERE S I E Ty i

- SR BRI P I SR R R B M ; - SR R AT
PEDE R FH 35— K AG R 5 - J8 R PE B IR g 1
P 7 R PGS R Ll e
1.5 #iESH

I I8 B K DPS 7.5 MEAT AL PR, 25 L DL SF- 2
H AR 22 RoR , B Z R 2 J5 2250 B b Turkey 2
FU ARG B A () A B ) 9 235 R 2 S W Pk o S PR OK
o P<0.05, 48 3 K- P<0.01. B8 AE KR A
Origin 8,

2 GHRESW

2.1 HHCB 5 Cdi5 X L ER A B ERN N
SRR 0 S B R R DRk RT A

o bR — AN R AR 7ETHE R A iE e

SO IR, R R el A M B A T

PIPEE™,
2.1.1 HHCB 1 Cd 75 YLt i 55 37 41 1 55 0 52 1

AN [ Ak 38URT 15 S5 4 DR BT 22 40 BT 25 R LI 1, 85
FEWFE Ry 1 d B, 5 CKAHEE, B A B 0T 355 57 200 141 4K
¥ Ny B B (P<0.05) . HHCB 81— 75 Y X} 41
PR AR R B A VE A, HT CH2 A0 H3 HR 40 50 5
B ER T CK 15.09% .15.99% #130.98% , H.Ffi % H i
BB, A0 B B0 D . Cd BL— V5 Y o 40 B A K L B
HE A R AR A A5 2R, H4 A BN 40 B B0 R T CK
49.96% . HHCB 5 Cd & A15 Y X 4l i A Kt R B K
PHI/E R, HS (H6 A1 HT 40 B 5043 90 8 3% Ik F CK
27.24% .43.29% F159.32%.,

KiFRmF 1020 80 d B, 5 CK AH LE, B H1 i H4 4,
FHoAth b P35 R B R 2% 5 8 3 (P<0.05) . HHCB H—
15 YR T AR KRB VR R H2 R0 H3 4 TR 2
519 B 2 T CK 318 %5 F13.34 £ . HHCB 5 Cd &
AT Gk A TR AR Kt R IO AR EVE T, HS JH6 AT HT
PR T ) B = T CK 2.25 . 4.82 45 H15.09 4% , HT
XA TR A RSO B B 2 . BRI [E] R 80 d BT, %Ak

w
=~
n

_Dld a

| Osod if_ T

©w
o
(=]

be

be
c
a b b
d d ¢ o d . J .
LI
CK HI H3 H4 H5

H2 H6 H7
AL PR Treatments

ANTF/ING TR F R A B R) 22 5 . 25 (P<0.05) o T[]
Different lowercase letters indicate significant differences among
treatments(P<0.05). The same below

A=
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IR
Bacteria number/(x10°CFU-¢™")
N
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[

Bl 1 HHCB 5 Cd 75 34 AT 5 55 4 B 2 A0 =2 0
Figure 1 The influence of HHCB and Cd pollution on the number

of cultivable bacteria

R3 HE EE ILE 5| ¥F PCR &4

Table 3 Bacteria, fungi, actinomycetes primers and PCR conditions

MEY Gk s 519 PHIKRE B 519
Microorganisms Primer name Primer(5'~3") Amplification length/bp ~ Annealing temperature/°C Primer(10 pm)/uL
BN} 341F CCTACGGGAGGCAGCAG 418 55 1
758R CTACCAGGGTATCTAATCC
HEF FR1 AICCATTCAATCG-GTAIT 390 50 1
FF390 CGATAACGAACGAGACCT
i) 243F GGATGAGCCCGCGGCCTA 271 56 1
513R CGGCCGCGGCTGCTGGCACGTA

1% WHART]
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Ty 32 1 A TR RN R T SR IR O 1 d Y A T AR
(CK H1BRAM) ,H2 \H3 \H4 \H5 . H6 Fl H7 4351 Ay 5 77
] A 1 d B A% 3.33.4.25.1.09.4.64.9.13 135 F1 9.89
5, CK L H1 (1% 40 B 2053 K T 35 2 8 0] 24 1 d B
35.80% F124.60%. %55 FW, &5 FEEHE A 1 d B,
HHCB 5 Cd H— [ & 4575 Yot 40 B A 2 B R 30 4]
YER ;s B5 3265} 0] A 80 d B, HHCB ¥ — K& 5 Cd B &5
YUXo 4 AR A SR AL HEVE T (HLBRSE) o

2.1.2 HHCB il Cd y5 YL R 15 5% 31 1 $5 0 52 )

AR A B AT 5 5 FLTR RO 2250 B4 R UL 2, 1%
FEWFE R 1 d B, 5 CKAR LG, B H3 AT HT A, HoAh Ak 34
W N 25 5 1 3% (P<0.05) ., HHCB B — 5 e X EL
BAE K FBOAE SRR, H R H2 o EL 500 )
T CK 2,14 f5 70 1.80 fiF . Cd B — V5 Yo EL 1A A4E K
LLP S AR RO HA Lb R B SR F T
CK 85.90%. HHCB 5 Cd & &5 Jexf B A K th 4%
PO AEHEAE T, HS A0 H6 H L B 500 B B 35 5 CK
4.32f5H13.33 4%,

BrFRIsHE] Ry 80 diFF, 5 CK A EL , 4 H4 41, HiAth b
P B ¥ I 22 55 W 3 (P<0.05) . HHCB H—75
P X PR AR KRB VR HT CH2 R H3 Hh IT R 5K
Iy 9B E T CK 9.51.4.36 % f14.30 % . HHCB 5
Cd & A 159X FUR A K R B2 B 7E T, HS JH6 Al
H7 B 500 ) 35 5 F CK 10.69.5.62 5 Fl1 4.14
ffo FEFRITIE] DN 80 d B, - Ab 3V B ) BL A i T
KRRt B R 1 d A9 AT 1% 3% B %L, CK L H1 . H2  H3,
H4 H5.H6 #l H7 43 Jll & T ¥ 3 0 (8] 2 1 d B i
12.78% . 175.00%. 41.09%. 169.00%. 346.00% .
43.70% . 16.50% #11 431.00% ., i 56 25 - F B , HHCB
H— K5 Cd B A T5 Y A K RICA I

5]
W
1

a d1d
T a + Osod
=8}
220 B3
3

a
Eﬂé 5k b
E\é b b b
/E h
M\g 101 b ¢
)
g sl
K d ¢ d
- <[

00K m1 W2 03 04 Hs He W7

AbFH Treatments

B2 HHCB 5 Cd ISR AEFERE AR
Figure 2 The influence of HHCB and Cd pollution on the number

of cultivable fungi

2.1.3 HHCB 1 Cd 75 J X ] 15 57 il 26 o 5 1 5% i

AN ) Ab 38 AT 15 SR TR BB 22 3 B 45 R DL IR 3,
BiFRmt R 1 d i, 5 CK A H, g A B ik i 35 e 2R
g5 5 B 3 (P<0.05) . HHCB B — 75 Y Xk jilt 28 1 4=
KRB HI/E T, H1 L H2 A1 H3 40 A il 28 1 505351
i FR T CK 57.22%.76.88% F191.32%., CdH—75
Y3l il 2 T A= R R BRI VE T, Ha Kb B A ik 2R T 4k
B ZE KT CK 80.97%. HHCB 5 Cd &£ 475 e % ik £k
PR R AL R B AE A, HS (H6 F H7 b 38 Y 4R TR
B EL T CK 63.38% .79.38% #190.21%.

3 J5 A 80 d I, 15 CKAH HE , B B Ak 35144 ¢
PRy 22 57 B 3 (P<0.05) . HHCB #— 5 Yt X} i 2% i
AR R P  HL L H2 F1H3 Ab B A ik 42 3 5
23 ) i K F CK 82.90% .97.10% #198.70% . Cd H.
— 5 Y il 2 T A K B R, H4 A G i
L BT & KT CK 78.78%., HHCB 5 Cd & 475 ¢
X TR TR AR A R B A I VR T, HS CH6 Fl HT Ab BT
Jilt 26 BB B B IR T CK 76.50% . 94.50% F
98.90%. 15 FRIHE] Ky 80 d i}, 4% Ab B J3E 1) ikt £& 7R
B F B R A 1 d R B 5L, CKLUHT  H2,
H3 H4 H5 . H6 Fl H7 43 5K T35 F2 B 2 1 d B
16.50% . 67.20% . 89.10% . 89.20% . 6.67% . 35.07% .
67.05% H138.66%. {5545 KK, HHCB 5 Cd H—
TG A PR TR TR A R A R B R IV
2.1.4 HHCB 1 Cd V5 G XU 1 36 R 48 DU )52 )

(1) 474 16S rRNA J R U1 %

2 ZEAMTE RTAL, 5 CK A EL , AT HT 8 R
ZR B (P<0.05) . HE4AHLFEHT AT, 45
16S rRNA JE X ¥ DU % i 2% 75 T CK 76.98%. HHCB
H— e 5 Cd AT Y (B HT AN ) , ATl HeEE i HHCB
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B3 HHCB 5 Cd ISR AEFHE BB Z M
Figure 3 The influence of HHCB and Cd pollution on the number

of cultivable Actinomycetes
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AEPRAN T 16S rRNA LA ¥ DUEOY B h i 35 22 5 (P>
0.05) , {HL 4 77 % DX 4% D1 i b 757 HHCB V& B2 19 384 i i
B

(2) HL 1 18S rRNA FE[H 5 D1 %

B ESWETIA, H CKAMEL, R H4e KK
25 8% (P<0.05). HESHHL CdHR—I50 T, Ha
AR PR TR 18S rRNA LR ¥4 DL % 75 T CK 1.07
ffo HHCBH.— K5 CAdEZ A5 Y~ , AR E W
HHCB #b P FL 4 18S rRNA K& [R $4 DB %A o & 22
5(P>0.05) , {H EL 7 5L K48 DU R %5 HHCB ¥ B i 3
T o

(3) il 2k TR HE R 5 DL %

2l EAPIE AT, 5 CK A EL , fr g i b B4 %
PR 2% 55 1 2 (P<0.05) . H &1 6 AT 41, HHCB H—5
YU AR B AR K F B A H U H2 FTH3 4b 2R
PR R £k T DXL 4 DL R 23 ) B IR T CK 38.59% .
79.56% F1 84.78% . Cd HL— 5 Y X} il 26 1 A= K R R

4.0r1
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| be H
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Figure 4 The influence of HHCB and Cd contamination on the
copy number of bacterial 16S rRNA gene
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Figure 5 The influence of HHCB and Cd contamination on the
copy number of fungi 18S rRNA gene

1% WHART]

SR R, H4 A B A il 2R T R TR DL A R AR T
X} IR 2H 80.5% ., HHCB 5 Cd & 4575 Ye w6 W A K
FECA I HIVE R, HS CH6 FIl HT Ab PR ) il 28 1 56 K 45
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R FAE T CK 11.67% F128.08% ., Cd BA—i5 4%t ik
Tit 1% 1 22 B M AR EAE P L HA Kb B 60 R it 355 e .
F CK 67.17%. HHCB 5 Cd & 475 Y XoF i B 36 1t
FEI AR FE L HS 1 HG A % iR B R 543 50 5
A% T CK 14.50% F126.24% .,

RrgRmtal A 80 d i, 5 CK A EL , Fr g B Ab B4 36
PRy 22 5 B (P<0.05) . HHCB B— 75 Yt X} JIR i 75
PEZEI R 30 VR L HL L H2 F1H3 420 B i R B 5 45
3 E KT CK 17.60% .32.25% #119.85%., Cd H—
15 Y XoF IR 9 P 3 B OM E 2E VR T, HA A B A DR 86 05

18.0r
\5 a
-~
E  144r I
2~
i 2 's0 l
S » 10.8F
2 b
# 5 : b
Ees 721
g c
|2 X
= o T
"Qg 3.6F ed 4 od 1
3 d
= 0 —

CK H1I H2 H3 H4 H5 H6 H7
Kb Treatments

B 6 HHCB 5 Cdisexd i e w5 [F ¥ N H =20
Figure 6 The influence of HHCB and Cd pollution on gene copy

number of Actinomycetes
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Figure 7 The influence of HHCB and Cd treatment on the enzyme
activity of urease

P 53 5 F CK 50.42%., HHCB 5 Cd & 475 YL X} Ik
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Figure 8 The influence of HHCB and Cd treatment on the enzyme
activity of sucrace
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Figure 9 The influence of HHCB and Cd treatment on the enzyme
activity of acid phosphatas
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