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Time—-dependent synergism and antagonism within multi—component mixtures of heavy metals and antibiotics

towards Chlorella pyrenoidosa
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Abstract:To investigate the joint toxicity of antibiotics and heavy metals, we selected Chlorella pyrenoidosa as a test organism, with a 96—
well microplate as the exposure experiment carrier. Five kinds of aminoglycoside antibiotics : amikacin sulfate (AMI ), gentamicin sulfate
(GEN), kanamycin sulfate (KAN), paromomycin sulfate (PAR ), tobramycin (TOB) and four heavy metals : cadmium, copper, manganese

and zinc were selected as the research objects. A nine—component mixture system was designed by the uniform design ray method where 10
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rays with different concentration ratios (p; s) were arranged. The toxicity of the mixture components and each mixture ray were deter—

mined by time—dependent microplate toxicity analysis (t—MTA ). The obtained toxicity data in different exposure time were fitted by the

non—linear least squares method. Concentration addition was selected and so the additive reference model to analyze toxicity interaction

within mixture rays. The results showed that the toxicity of antibiotics and heavy metals was time—dependent, as were the toxicity orders of

antibiotics and heavy metals. For the exposure time of 96 h, the toxicity order was KAN<TOB<Zn<Mn<Cd<AMI<GEN<Cu<PAR. The toxic—

ity of the mixture rays was also time—dependent, and their toxicity orders also varied with time. The toxicity of the 10 mixture rays displayed

obviously time—dependent synergism and antagonism. Three rays, RS, R6 and R7, showed time—dependent antagonism, which grew clearer

with time. The remaining seven rays showed clear synergism, with time—dependency decreasing gradually.

Keywords: heavy metals; antibiotics; multiple mixture; Chlorella pyrenoidosa; time dependency; synergism; antagonism
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Table 1 Physi—chemical properties of antibiotics and heavy metals
IR 2 Bk (=] 4 Fx CAS =5 43 F it/ g mol™ 4B %
AR Cd CdCl,+2.5H,0 7790-78-5 228.35 =99.0
TR R Cu CuS0,-5H,0 7758-99-8 249.69 =99.0
kG A Mn MnCl,-4H,0 13446-34-9 197.90 =99.0
LKA AR Zn ZnS0,+TH,0 7446-20-0 287.56 =99.0
AR AMI CpHiaN:0 3+ 2( H,80,) 39831-55-5 781.76 =674
WRRKKEE GEN CoHisNs0,+ HaS0, 1405-41-0 575.67 =59.0
TR RIrEE KAN CisHsN.0y, - HaSO, 25389-94-0 582.57 =75.0
MRRE &R PAR CoyHusNsO,4- HaSO, 1263-89-4 71371 =96
TATEGE TOB CsHiN50, 32986-56—4 467.51 =90
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Table 2 The components and their concentration ratios together with the highes and lowest experimental concentration of

ten rays in nine—component mixture system

Ray AMI GEN KAN PAR TOB Cd Cu Mn Zn Fr e fmol - L7 Al B /mol - L
R1 1.17E-02 1.36E-02 6.78E-03 2.10E-04 9.06E-01 3.10E-04 1.35E-03 5.65E-02 3.10E-03 4.01E-03 1.45E-05
R2 1.49E-02 1.17E-02 4.77E-02 3.80E-04 8.48E-01 1.60E-03 1.42E-03 6.12E-02 1.30E-02 3.98E-03 1.44E-05
R3 1.57E-02 1.04E-02 1.09E-01 4.70E-04 7.77E-01 3.18E-03 1.37E-03 5.99E-02 2.34E-02 4.10E-03 1.49E-05
R4 1.42E-02 7.76E-03 2.28E-02 5.00E-04 6.04E-01 5.72E-03 1.13E-03 5.01E-02 8.93E-02 4.43E-03 1.61E-05
R5 1.36E-02 6.54E-03 3.80E-01 5.39E-04 5.22E-01 8.64E-03 1.01E-03 4.54E-02 2.27E-02 5.16E-03 1.87E-05
R6 1.10E-02 4.79E-03 4.88E-01 4.81E-04 3.90E-01 1.02E-02 7.81E-04 3.53E-02 5.96E-02 5.79E-03 2.10E-05
R7 8.84E-03 3.49E-03 5.94E-01 4.20E-04 2.90E-01 1.16E-02 5.97E-04 2.72E-02 6.40E-02 6.66E-03 2.42E-05
R8 1.49E-02 1.17E-02 4.77E-02 3.80E-03 8.48E-01 1.60E-03 1.42E-03 6.12E-02 1.30E-02 3.98E-03 1.44E-05
R9 1.57E-02 1.04E-02 1.09E-01 4.70E-04 7.77E-01 3.18E-03 1.37E-03 5.99E-02 2.34E-02 4.10E-03 1.49E-05
R10 1.32E-02 6.34E-03 3.69E-01 5.20E-04 5.06E-01 8.39E-03 9.80E-04 4.40E-02 5.18E-02 5.08E-03 1.84E-05
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Figure 1 The concentration—effect curves of antibiotics and heavy metals at different exposure time
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Figure 2 The concentration—effect curves of the nine—component mixture systems at different exposure time

/INERE ELAT IR e, HL Ak B RN i 2 2
[ (4 S AT IG5, T 48 h P BRI Y 5 L 7E 48~96
h Py, BGRB8/

(3) 10 2Bt AR FME LR ) ILCIR A Y ST
B R/ INERE 1) BE P ELAT S (B AR D3 ) s 4 4
FH , 26 R1~R3 1 R8~RO 24 52 30 HH [ I 7] 1) 4 4 1
R UM RIVE R, TR R5S~R7 230 H B [H]
14 SIE A T 0347 - B S RS B VR o

(4)IRA DI BEPEA AR RS 21 55 10 ok B T
oA 6, 5 2 FE AT R A G

S

[1] Teuber M. Veterinary use and antibiotic resistance[J]. Current Opinion
in Microbiology, 2001, 4(5) :493-499.

(2] FRHIE, AR IK, Bl 220G, 45 PRadiPEAG I 2 K AR S TR E.

coli 55 S. aureus Hu A RYUHEARF BT 5 EE(]. £ 57 B4, 2017,
12(1):155-162.
ZHANG Lin—xiao, NA Guang-shui, LU Zi-hao, et al. A novel method
for rapid assessment of antibiotic resistance E. coli and S. aureus in wa—
ters and sediments[J]. Asian Journal of Ecotoxicology, 2017, 12(1):
155-162.



856

091 R1-48h

06:*

"

03}
t‘l‘!

Tfﬂﬁ%' #

Ilil

1E-5 1E—4

e /mol - L'

ENEHES

1E-3

0.01

1E-4
e B /mol - L'

031

| !l'g

of

EIHES

1E-

3

1E-5 1 E—4 1E-3

e i /mol L

1E-4 1E-3
e B /mol - L'

e /mol - L

GBI RS A

f*-'”'i

0.01

001

5w

70,01

RAFRE RS2

FIEESH

091 R1-72h t".! 0.9 R1-96 h #[ii.!’
b - } 7 b
06+ -;f iy 0.6} ,i.-’ '
| . s y
E03F T » Z 03} e
= " =L g Ny
ok 3te or Bgge
| S T ST R T R T | T e R TTR FEEETTT R TR
1E-5  1E-4  1E-3 0.01 1E-5  1E-4  1E-3 0.01
#eJE /mol - L e JE /mol - L
0.9r R2-721 R 0.9 R2-96 h 8 ii-#
. L] | | ‘i .
ATt L) ; [ Rl
0.6 L [ e ~ 06 __.‘ £
M -y ! x ot .
= 03} s E 03} LY by
R UL . e
0 T or l‘-'
wu i it i

1F3

e B fmol - L e B fmol - L

- -
0.97 R3-72h ) --"...ﬁ, 091 R3-96 h # ii (TR
|| r . r S
! i*“ 0.6} Ll
°l & % | e
i i # = | +
03 !,’/_; = 03f :’" .

SR T TS T B T TTY N— oL Laiid

1E-4 1E-3 0.01
e 3 fmol - L

1E-5

1E-3 0.01

T Ra-721 ) ‘.
' ."
ﬂ.
I!‘.
ii

SR T TS T B T TTY N— oL Laiid

1E- 4 1E-3 0.01
e B fmol - L'

1F T 1F_3 ]
e B fmol - L

09T Rs-721 e 097 R5-96h s ;I
i o ' o —
0.6} .-'!,t! - 0.6} I""
I s % f AV
0.31 . E 03 - "!__ o
{ ;a--i's g 7| o
o o8- 0! aii*
.’ L B T T A T TETr L L P T E-ﬂm- B A T T TN ELTITr T
15 1E-4  1E-3 001 1E-5

1E 4
e JE /mol - L

0.01
e JE /mol « L

LS NG LR 2L R Z CA TINLE ; 5 (LR R 95% 15 IX [1]
HHEMEEEANRSE

WAL E B/ NKRRIRE-R X R

Figure 3 The nine—component mixture systems of toxic interaction of Chlorella pyrenoidosa concentration—effect relationship
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