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Abstract: The high concentration of calcium and magnesium ions in landfill leachate can inhibit
the growth and metabolism of microorganisms, and the electron transport system plays an important role in
the metabolic process of microorganisms. Therefore, three different calcium and magnesium ion ratios (L,
L, and L,) were designed by direct uniform beam method. Logistic and BiPhasic curves were employed to

fit the concentration-effect data and draw the concentration-effect curve. The effect of calcium and
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magnesium ions on the electron transport system of anaerobic microorganisms in landfill leachate

treatment was analyzed by isobologram method. The effects of calcium ion alone and calcium and

magnesium ions together on the activity of anaerobic microbial electron transport system were

characterized by low concentration promoting and high concentration inhibiting. The promoting effect

decreased with the increase of calcium and magnesium ion concentration, while the inhibiting effect

increased with the increase of calcium and magnesium ion concentration and action time. The

isobologram model analysis showed that, when the ratios of calcium and magnesium ions were L, and L,,

the effect of calcium and magnesium ions on the anaerobic microbial electron transport system was

transformed from antagonism to partial adding effect and eventually to synergy with the increase of action

time. When the ratio of calcium and magnesium ions was L,, the effect of calcium and magnesium ions on

the electron transport system was synergistic.

landfill leachate;

electron transport system
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Fig.1 Test device for landfill leachate treatment
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designed by direct equipartition ray method
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Fig.3 Diagram of isobologram method



%385 H11H

OE 4 K HE oK

www. cnww1985. com

2 #R5it®
2.1 $EEFIREWETFHRRERNZIG

AN TR] e B 5 B8 X IR U A W v A i R R
P 8400 1 4 P B S B) 8 AR AR an 81 4 B o Rl
ANFEJEBIZAE T AR B 45 7 X DR A
T AT 3 A R v B 25N T 2T AR 2 oA T AR LA
B IR ARU A W F A% 38 R R 0 P AR A R
AR FH A 55 4T 25 W E N 687 mg/Lo 4505 B 1k i <
687 mg/LI}, Bl K2 N (W HEAT , X6 RS2 E 4 v A%
AR ARG A — 2 AR R AR 2 2500 A vy A 3]
14. 7%; 555 25 Y £ >687 mg/L I, i %5 45 25 F ik
JEE R HE I, X PR AU P F A5 3 A R 0 M (2
A FH 328 ¥ B3R AV O 1oy 410 T 4 P 722 T EL B A 52 iz
S RGN 5 B R DR AR W B AR R
BT AR T 320 M 1 5 5 > 5 25 Mk B2 1A 51 8 000 mg/L
I, % PR AU A W v 1 388 A4 28 350 M P 41 7 38 3k )
T 77% 77 o LA UGB AR B 0 45 5 Xof IR A8k
A H A% e A R T P ELAT AR T D R AR EE 1Y
B 2 X DR AU ) P A 8 A 3R 0 1 LA A o
VR, I LR 25 55 15— e 5 R0 FH s 8] %) 388 m L 41
il VE Pt 720 T R

80 1 = 551 .
o 552 Jal ] .
v 55 3 JE .
60 1 v 554 1] .
-%SW% "
S - ..
ﬁ40 . . : M
= [ v P
T 20 . , v
0 ....!....l_.. A a_ _w "
¥

-20
0.5

13 2126

B R T/ (g 17
B4 AREBEPEFHETARRESE FHREMEDETF
fRB kR EERMSEER

Fig.4 Inhibition of different concentrations of calcium

4.1 5.1 6.4 8.0

ions on the activity of electron transport system in

different cycles

EETFXMEYRFEBRE RN

A TR] e B B B 0 IR SRR W i AR BB AR R
PR A BRI )RS A DL IR 50 B8 s 1 X IR
SEUIWUAE Wy L A A 2R 0 P ) I A T R AT ]
F% o T AR, 26 BN 7 — R R BE AR T, il 4
FH R 2 5 I 1] 0 SE A T2 W 5 . 3 40, e Ry

2.2

T-He JE AE 549~8 000 mg/L I, KA W 115 8
A R T 1 52 3] 1 20 0 A D % 3 o B A 38 o g
T E R YR B TR EE O 8 000 mg/L A, H4fill F ik
BT 81. 4% , i W i vk B ()6 B X IR U A v
A B AR ZR A A0 R FH B AT Bl A o B AR

90 =55 1JHM
o 552 JE I
v G 3 JE M .
20 LT A4 .
< = 255 JE .y .
‘Fﬁ- .'V'.:
'H:‘ESO "y v g "
S R
: 'l-
U . 'y .
M
jolr_*®
0.5 1.3 2.1 26 4.1 5.1 6.4 8.0
BERTURIE/ (g L7
B5 ARBAPZFETARREEEFIREMEDEF

535 1 R T A 4 14
Fig.5 Inhibition of different concentrations of magnesium
ions on the activity of electron transport system in
different cycles
2.3 5 BETHMENEFEEERNZIN
[ JBE TE LG BT B B T TR S X PR AU A
Py vl 3 338 A R T A ) 400 0 P i ] A 728 1 DL
K6, AT, 3 RN TR B TE FL A 55 B B TR
X PRS2 ) e B — A0 T 2 1
BRI . 7E5S BER TICLLON LA ARIE TR Y
5 B B IR A MR B <549 mg/L B, X R AEUAE W)
FEL 2 138 A 2 1 4000 A 1 P it o R A 8 o T 3% i
REAEG s 24805 B B TR S IR >549 mg/L IR, X IR 4R
T A Wy F A B R 2R B9 4T o) A P B e 32 ) 48 o
TR e o 7RG BB T IC R LA LA T
M4 BB TR A WK B <687 mg/L i, X IR E Ak
Py vl T 3B A R 0 900 )V P i A R ) 496 o i
HTFAAG ; 2485 B B TR 3 W I >687 mg/LL B, Xof IR
SEUTC A Oy HL A 0 AR 2R A A o A D o B ) 49
T Z T o ASTRIEC b Y 5 VB B IR A Y TE AR
[ B 250 T, BV FH s ) () S, % PR AU B
Wy vl A 3ok A 2R T A A o A 8 T R . X U
R A ] v 2 TR LU )BT B8 B8 TR W 0 IR S8 A= 9
HL 7 238 A R 35 P 4 A P 0000 B LA i AR
A I TR o 5 b, AN [k B T LE A A LB
BT IRA P A W T AL 1 R AR R AR
IR AR e JBE Al g o EE A A B 1 T, O EL e R A

« 28 -



www. cnww1985. com TR EASEIBRRA TP MAY S T IEEIKEGEY %3845 %114

FHBEEE5 551 5 EC A 34 i 22 kA1 =, B —
s A2k 1 u = 3 =
g0 | v 453 AN 2 o =
v 55 4 ) = ! 0 X
oo | * ST R X i
g Cel : ® =
% 40 N v ! . & 2 = 0 2 4
S ol e e . B TR/ (1) B TR/ (g L)
ol EEEE I a. 8 1 JAWI-EC,, b. 55 1F-EC,,
N A
. n 3
. . =
-20 Ll o
0.5 13 2126  4.15.1 6480 @ )
HeJE /(gL =
a. 5 BB TROHOR L, ;jﬁ 1
90 L= " &
e T 0 2 4 6 0 2 4 6 8
70 . A PR THE (g 17) BT (g 17)
. Loe v, . c. 55 2 JAWI-EC,, d. 552 Fm-EC,,
£ 50 ! .o _— ‘
ﬁ LI v T v . - =2 = L' LZ EC4O L
4 y 7 e ® - = =2 3
g3t v v o, " - .;551%1% g Et:
0te 3 . " ) v 53 JEl 1) =S| ®
L . v 4R o %l
""" L I R0 G s s
-10 # ind
0.5 13 2126 41516480 o .
; o 2 4 2 4 6
o gff% t)% B TURIE/ (g L) BB TS (g L)
o b- 7 KR TRHNL, e. 453 FIM-EC,, £ 45 3 FE-EC,,
" . T/\3 L'/ L ECs, T
- [ ] \ v — ~
[ ] v 1 % , // / g
) ] v v 3 s [ ] “; / =
S 50 L. 1t/ b %
= ., 3 n #K 1/ /// #
= [] |/ -
= 30 " - u )/
" - v . 5 1 0 2 4 6 0 2 4 6 8
v . . ;%‘2 %% PR T (g 1) R T HIE (g 1)
M 4 u v 553 L e ] HH ] H
10 s, 54 g 55 4 JHI-EC,, h. 55 4 JHI-EC,,
T = 55 R ~35F 1, ECq —
-10 3.0 / > 4
0.5 13 2126 4151 64 80 Tons P
/(g 1) 2.0 =
o 5 BB FRLN L, ﬂ%l.s L Hi‘{*-
H6 FREMEHETRRRERLNS #EFRADY L 0 =
TR U A 0 B T A T M R 01 o -

o1 2 3 4 0 1 2 3 4 5

Fig.6 Inhibition of different concentration ratios of 55 BT U E/ (g L) F B YR (g L)
calcium and magnesium ions on the activity of electron i 55 5 A WI-EC,, j- #5 5 AWI-EC,,
transport system in different cycles E7 ARIRERLLNS S=FEAYWHREMEYWET
2.4 5 $BFEEFRBERNEAXER ERERGIEALER
R A5 304 (BT 1 43 B A [ JR 3BT AS [l ik 32 T Fig.7 Effect and interaction relationship of different
FLES VBE BS TIR A W R AU AE Y i AR AR R ) concentration ratios of calcium and magnesium ions on the
ﬂzﬁﬁ 5"&/% , /n%ﬁn B 7 s o electron transport system

« 20 .



%385 H11H

OE 4 K HE oK

www. cnww1985. com

M N A s AT RS 1R A, ] EC,, Al
EC, SN e BE K- sk k. B 7(a) ((b) W]
HUFESS 1R, A B TR LN L B B
TR B S I VETE A Xk, RS B PR A
Pyt DR AR W v AR 8 A R B DG R o dS e
VEHT s 2445 B8 B F e bR LI 5 BE S i e B
SCER P DX A U ) R DX, RS B

FIRA YX IR AA A Y i FAE AR RVERIC R

P A5 B0V FH 220 0 7 728 R 3 o IR VE 5 25 85 (86 B
TFHC LR LB 45 6B vk B A VR AE B X
B, FRES BB TR A W IR AU E Y T AR
TR R AE R D R RVE

2R N R As AT BN HE 2~3 JE B, w] i Y EC,, Al
EC BV K TR SRR . hE 7(e)~(H) 7]
AL FESE 2~3 JE T, 248 BRSO LN L, L
B R B IR A W IR AU E W i AR SRR R AR
FHE Z MU RIVE T 5 2485 BE B 1O b ok L B 45
B TIRA W DA A AL s R R AR
KR NFEBUHER

MR N A A8 AT B 5 4 FE B AT EC, A
ECoo BN e BE KT T B4 B . L 7 (g) FT(h)
AL, RS 4 T, 25 B IEC L CA L A B
B IR A WA R AR P i AR AR R G
FHAEBUE R S U R AR 5 250 B B e L
R L, LI 55 B IR A I R A U Y A%
AR AR O R A PR FAE ]

M N A s AT BN A 5 W BT, AT EC, A
EC,, 80N ¥ BE KT S8 I8 . i 187 (GO A G)
AR, FESE 5 T, 2S4S BRI ol LB AT B
B IR A W6 IR A P AR AR R I G
AR AT IR R A8 S B R A 5 250 Bk e
e LU oA L R0 LB 85 VB B IR A R DA UAE
FAL ISR R WAEHIC R A PR FEAVE

25 LR BE R PR AR R E U E Y
T A R A FH DG 2R Bl 5 I L B AS AT
AR TR A A R T e A B AL
FERA AR AR v, 3 TR SR AR A T R A A
fiff 1Y) SR AL IR, TETIAE W B A A LTS e i i
kfﬁﬁ%ﬂﬁiﬁé%%a%@@%x%ﬁﬂﬁ
PRS2 ), AE T 52 ) PR 8 AR R s MR L 4
%%?&n%ﬁ%ﬁ“ﬁ%%?ﬁ%&m@ﬁ
T UERAR, 3 e 1A B 5 - 1T B s BHLAR 45 25 1 S

ABGES G, TS B ARV B A 1R ) IO A
ELA AR SRV, 23 H) 559 86 85 X0 I8 &0 e ) 300 ) 4
FHL B, Y85 BE B IR AW BC Lk L B85 BE B
FIRG YR A Y AR RERCR R
RINFEHE 7 585 B kR LN L,
I, 5 85 1k AR, iR B A BE B T ax)
JI5E S 7 A A R P 2 T S e A ) P AR AR
RGN, I, 55 BE B Uk BE G LE Ry LB, 45 BE
B IR A W N A ) AR s IR R R B G
R EZ R REAER Iﬁ@%@%%%?Mm%ﬁ
PR AR W v A5 3 1R &R A VR TR AL A R it — 2P
5
3 it

@© 5 B R PR AU W AR R R AR
JH 52 AT Ve 2 A1 A e v P8 0 o A R A T B
X AR A W AR B AR R B9 AR I X Al . 7R
o] — R BE AR 80 B BB B o DR AR AR P e
A 328 A R A AR P BBV T s T g o o 5
VAN

@ IR TC LA B B IR A W X IR A
THUAE Wy F, A s A 3R ) R AI0 34 EL A ik R A ot
PEFNES TR o AN [ e B T LG A 85 B 2 IR
WX DR A8 THUAE ) F A A R ) 3 B A1 A2
HEAE T AR S22 A A B 5 5 2 o LG A 38 iy
BT AR AT 5 T v VA B B S TR B R IR AR AR
Y T e R R B A MEIER . RS VR
B, AR R A, 0 P T v o

B3k
[1] WANGSQ, QIUL, LIUX W, et al. Electron transport
chains  in  organohalide-respiring  bacteria  and

[J].
Advances, 2018, 36(4): 1194-1206.
LIU C, REN L H, YAN B H, et al.

bioremediation  implications Biotechnology

[2] Electron transfer
and mechanism of energy production among syntrophic
bacteria during acidogenic fermentation: a review [J].
Bioresource Technology, 2021, 323: 124637.

[3] SUXX, CHENY, WANG Y Y, et al. Disturbances of

electron production, transport and utilization caused by

chlorothalonil are responsible for the deterioration of soil

denitrification [J].

2019, 134: 100-107.

CHEN Y W, WANG L, DAI F Z, et al. Biostimulants

Soil Biology and Biochemistry,

(4]

<30 -



www. cnww 1985. com K

Ao S ARG AT IS R R AL TR P A B TR R 0 R R

%3845 H 11

(7]

(8]

[10]

[11]

application for bacterial metabolic activity promotion and
sodium dodecyl sulfate degradation under copper stress
[1]. Chemosphere, 2019, 226: 736-743.

GUO H X, CHEN Z, LU C C, e al.

ameliorative mechanisms of polyoxometalates on the

Effect and

denitrification under sulfonamide antibiotics stress [J].
Bioresource Technology, 2020, 305: 123073.

PR  BR3S, B, 4. EAeEMIRE TS TR 1L
AR RO )], FRIERE, 2007, 28(4)
786-790.

CHEN Hao, CHEN Ling, ZHAO Jianfu, et al. Effects
of heavy metallic ions on electron transport system
activity of anaerobic sludge[J]. Environmental Science,
2007, 28(4): 786790 (in Chinese).

MA B R, LI Z W, WANG S, et al. Insights into the
effect of nickel Ni( Il ) on the performance, microbial
and  extracellular  polymeric

enzymatic  activity

substances of activated sludge [J]. Environmental
Pollution, 2019, 251: 81-89.

NAVEEN B P, MAHAPATRA D M, SITHARAM T G,
et al. Physico-chemical and biological characterization
of urban municipal landfill leachate [J]. Environmental
Pollution, 2017, 220: 1-12.

XU, BETOL, PNEIHE, 45 . BRI UE WA R Ak PR
Bame ot (l]. NHET, 2018, 47
(6): 1304-1307.

LIU Shan, FAN Shengguang, SUN Zhaohui, et al.
Analysis of metal ion content in different treatment
stages of landfill leachate [J]. Applied Chemical
Industry, 2018, 47(6): 1304-1307 (in Chinese).
ZHANG Y H, LIU S S, LIU H L, et al. Evaluation of
the combined toxicity of 15 pesticides by uniform design
[J]. Pest Management Science, 2010, 66 (8) :
879-887.

WANG Z J, LIU S S, QU R. JSFit: a method for the

fitting and prediction of J- and S-shaped concentration-

response curves [J]. RSC Advances, 2018, 8 (12) :

[12]

[13]

[14]

[15]

[16]

6572-6580.
ZHAO F, LI' Y F, HUANG L L, et al. Individual and
combined toxicity of atrazine , butachlor,
halosulfuron-methyl and mesotrione on the microalga
Selenastrum  capricornutum [J].  Ecotoxicology —and
Environmental Safety, 2018, 148: 969-975.

FHAL RAEZE ATRBE. HITTC 5 INT-H F BB 1A &
TGP RAE & 8 X5 IS e R 2w (], BRI,
2005, 26(1): 56-62.

YIN Jun, TAN Xuejun, REN Nangi. Evaluation of TTC
and INT-electron transport system activity tests for heavy
metal inhibition of activated sludge [J]. Environmental
Science, 2005, 26(1): 56-62 (in Chinese).

AR, TULL, HARSR . WS TRTS R IS T 4 FRAE K LA T
JPEWRFELT ] Talkok b B, 2016, 36(8): 5-10.

LI Jing, YAN Hong, XIAO Benyi. Research on the
characterization and detection methods for the activity of
activated sludge [J]. Industrial Water Treatment, 2016,
36(8): 5-10 (in Chinese).

VOMA C, BARFELL A, CRONIGER C,

Reduced

et al.

cellular Mg™ content enhances hexose
6-phosphate dehydrogenase activity and expression in
HepG2 and HL-60 cells [J].
and Biophysics, 2014, 548: 11-19.

WAN R, CHEN Y G, ZHENG X, et al. Effect of CO,

Archives of Biochemistry

on NADH production of denitrifying microbes via
inhibiting carbon source transport and its metabolism
[J]. Science of the Total Environment, 2018, 627:
896-904.

« 31 -

TEER KL 978~ ), L, HROVE AL W #
$2, FENFARA IS 5 BOR S SRHE
TAHE.
E-mail: zhanghuapaper@163.com
o #s B #7:2021-03-24
&= H#3:2021-07-05
(il X A7)



