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Effect and Mechanism of Calcium-Magnesium-Potassium Ion
Mixtures on Toxicity of Heavy Metal Ions in Water
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Abstract: In order to determine the effect of common calcium-magnesium-potassium ion mixtures
in water on the toxicity of heavy metal ions, such as Cu*", Zn*", Cr®", Cd*" and Fe’", acute
toxicity tests are carried out using Photobacterium phosphorium T3 as the tested organism.
Mechanistic analysis is performed through biochemical indicators and changes in the expression
levels of core luminescent genes. The results indicate that the toxicity of individual heavy metal
ions to the bioluminescent bacterium T3 follows the order: Zn*" >Cd*" >Cu*" >Fe*t >Cr'",
The toxicity of heavy metal ions decreases after the addition of different concentrations of Ca*" -
Mg*-K" mixed solution, with the weakest combined toxicity observed when the mass
concentrations of Ca’", Mg”", and K" are 13. 40, 8. 00, and 26. 20 mg/L, respectively.
Moreover, when the concentration of heavy metal ions is low (<{2. 0 mg/L). an antagonistic

effect is observed between the heavy metal ions and the Ca*" -Mg?"-K™ mixture, accompanied by
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a significant stimulating effect. As the concentration of heavy metal ions increases, the combined

action gradually shifts towards an additive effect. The addition of Ca**-Mg*"-K™ mixed solution

leads to a decrease in intracellular reactive oxygen species levels, an increase in superoxide

dismutase activity and the content of reduced nicotinamide adenine dinucleotide, enhancing the

bacterium’s antioxidant capacity and stimulating redox reactions to improve energy supply levels,

thereby reducing the toxicity of metal ions. The study can provide data reference for the toxicity

evaluation and regulation of mixed heavy metal ions in actual water bodies.
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Table 1 Concentration of each ion in the CMK mixture at

different concentrations

e E/(mg L)

T
LCMK MCMK HCMK

Ca™" 6.72 13. 40 20. 14
Mg*" 4. 00 8. 00 12.00
K" 13.10 26.20 39. 30

1.3 BHREZXFE T3HNAESERN

IEER AT B 3R B se K OGAT I T3 (R AR T3
TR I 26 A B 5 5 P AR AR 1 S 3k B R
o VR O R N 1.0 Za . e AR R RO
242 1.5X10°, AR K BT 2t 2 M A e & O 2
L (GB/T 15441—1995) )i A7 R M AL A9 15 min &
PRI, WA SRR IR AR B L 1 s 20,
1.4 SFHENEBEXIEROEN

B B AR E B 35 5.0 (4°C L5 000 r/min) G B E T
VERRRINE o 43 ) A 300 6 0 R o 1) R Uk
JE TR (ROS) & & 164 B AL (SOD) i 4
VA 5 A A T i i W 0 — B | R (NADHD & &,
Shy O DU b A TR A 2B AR B B A8 A SR TR RE
525 [0 BE B FE B He Cp) BIVAR 6 S5 s X 35 2 4
KPR AR AR IS TR R

7= P/P, (D

Krfr: POl SCU0 4 A A8 b BT 500G 1 Py Sl X R
AR R EE M. Y > 1 B, RoR iz A ki
b & B EOE M BT 2 W R BRI

BEF 20PE BRI 7 3 R AR R A L
KZE 30 mL, H &K E L (4°CL,5 000 r/min) P& %
Jei o PR 60 AU R AT TR AR 1) S AZ W A% TR R B i e
LA SS9t E i A M EE X i, PL16 S
rRNA S P2 L B H R 35 R 2 Si 7K O 26 47 A XF
JE B 5 mRNA AR R 3K B H) Wy 5 K 5% S K7 1Y
A, Y mRNA AR B R KT 103 E R KKF
FHA LU mRNA X RN T 1SN R
KK RBN TR,
1.5 #HiEE
1.5.1 RE-ZEHEMSHEA

SR ARG F ok B AL RN . T T A
PEAN DU R 00 55 1 AT 9 1 B 0L 5 B TR R 5
A0 e BE L 38 4K Graphpad Prism 9. 0
PEFE PO B8 Logistic (4PL) A5 K1 X 52 86 B 48 9 47 3k
LA B FRIE AN

http: // zkxb. xjtu. edu. cn

X' Ve — Yoin)

X 4C
K Y RS S R 0 B RO X RE RO
Y o A FE SN B K B PE RN B KAE 5 Y i A RE A 5
KW FE RN e /ME sk LA IR C AR
o e B EEE RO R 50 Y6 I % BN Wk BE
1.5.2 & FWIFNFT &

KA IA BERIEA IR A& WA B R A
B2

Y - Ymin + (2)

[(Co) =1— [[[1—1CH] (3)
i=1

K ICo) HIREW B IOCIEI R n HIREY
TAETE AL 53 BB 1CCH RS @ Aoy SRl 7F HL
W B C B M 2R,

R4 S 560 H0dE DA KX () L TR IR A W AEAS TR e
BTN B B M 00 B0 K 95 Yo B A X ], AL 4PL
RN TA AL T 504 (1 (C) ) F0 S U K04 47
UG ARG LG A 1 5 2% il 42 9 AR OO 7 8 R I fr
REWWEAREES (OLE D, e ~ e WE
DX TR P SN 264 T TA Tl ph £ 2 b B A B
RIN U FAE s S0 . 7E @, ~ ay R X [H] Y IEC
B REERINAIAVE N 18 @y ~ o WX NEK G
BETER S BUER
— 1A%

— — - 95%E 5K ] ==
—_— i 2 /

KA

[RUE,. Vi
~

P S --UmAl R
0 q, a, a a, W

Bl 1 TA BERIPEA IG5 TR s B
Fig. 1 Schematic diagram of the combined toxicity of IA

1

model evaluation

1.5.3 B2EFHEFrHF &

SIS A L DL Y (E £ A o 225 ok RO, IOF R
Graphpad Prism 9. 0 #E47 ¢ K %, 43 B 52 56 20 F1%F
MARRGFERENEZS . X P<<0.05 B RRA
Gt 2R . P<0.01 A BESIT¥ER,.P<
0.001 R AIEH BFEMRITF 2%, P<0.000 1
FRAML B ENG 225,

2 #ER518
2.1 AERECMKWESESFHARESHRMW
2.1.1 A CMK EELLEEFHHERLD

Ca®" \Mg"" K" J2 RIRKIR 5 LB KAy 3 Fif
BT O T IR A [R) e B A CMIK TR 6 Y800 oAt 4




188 W % oz M

PN

58 &

J& B TR BRI L BEAT 15 min SPEFEPEIGRS .
K45 FE W], LCMK . MCMK 1l HCMK %} T3 B 19 %
AR ENTF 0,40 3 —18% . —26 % F1—19%,
VLB 3 PPk BE () CMK TR AW AR & X T3 B =4 &t

JO03 1 R, B 0 9 &% K /N 7 MCMK > LCMK &
HCMK., B35 4 0 54 1 4PL BE 8 R A7 405
X R A e B sk i £k an e 2 TR

100
80
;E 60
=40 P S
720 —= Cu"-LCMK —— Cr"-LCMK
& 0 —— Cu’'-MCMK e Cr"-MCMK
20 - Cu”-HCMK -=— Cr”-HCMK
_40 1 1 1 1 1 1 1
0 4 8 12 16 20 40 60 80 100
JEHRE/(mg « L) J S/ (mg « L)
(a)Cu®*™ (b)Zn*" (e)Cr™t
100 -
80 L 100
<60 o 80
o <60
X 40 )
=.f - Cd” % 40
pee —— Cd"-LCMK = 20
RO = CE-MCMK = g "-LCMK
=20 =cd-HOMK ¥y — Fe'-MCMK
40 . \ | . . | —=- Fe'-HCMK
5 10 15 20 25 30 0, n 3 12 16 20
JRHEHKE/(mg « L) JRAEHE/(mg < L)
(dCd* (e)Fe?t

A 2

5 R 4B E TR FWE CMK SLA7 i 0 o B -3000 ih 2k

Fig. 2 Concentration-effect curves of five heavy metal ions with different concentrations of CMK
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Table 2 Half maximal inhibitory concentration values of five

heavy metal ions before and after CMK addition

LR E/ (mg « L)

2531

Cu*" Zn** Cd** Fe'™ Cr'"

Mt 4. 00 0.43 3.48 12.33  42.13
M"" -LCMK 5.76 2.38 12.37 13.26 17.60
M"T-MCMK  9.56 3.58 7.43 13.05 42.23
M""-HCMK  6.51 3.35 14.31 13.41 32.63
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Fig. 3 Measured and TA curves of the toxicity of each heavy metal ion after the addition of different concentrations of CMK
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Fig. 5 Effect of heavy metal ions on the luxB transcription level of T3 before and after MCMK addition
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