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Assessment on joint toxicity of heavy metals in agricultural products based on

luminescent bacteria method
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Abstract: Toxic of Pb?>", Cd*", Hg?", Pb*" + Cd**, Cd*" +
Hg?", Pb?" + Hg?" and Pb?" +Cd*" + Hg?" were investigated u-
sing luminescent bacteria test. The joint toxicities of heavy metals
mixtures were assessed by toxic unit method and additive index meth-
od. Results showed that the joint toxicity of Pb?>" with Cd*" was syn-
ergetic in action while the joint toxicities of Cd*" with Hg?", Pb?*
with Hg?" . and Pb?" with Cd*", Hg?" were antagonistic.
Keywords: luminescent bacteria method; P. phosphoreum; joint tox-

icity; heavy meatals; toxic unit method; additive index method
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A2 6T 722S W, B R AX A R 7
K% pH i1 testo205 , 78 [ 8 ] 23 7] ,
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Table 1

H OD{HH 0.2, W% ¥4 10° CFU/mL 4 & Y6 4T 18 i 52
R .
1.3 B—FHMNE

MG TR I8 45 R B R 4 s B R — R A vk
BE R IR A VI T 3% NaCl W& 45, R Ia 2 %
100 pL TH 5 100 pL A B WA 96 L3 A EgirtR
254 100 pL WS 100 pL 19 3% NaClIE AV .4 F
AT b A 22 R A3 4803 15 % . 45 B8 4 (AR AR I 8 AR back-
ground, % # 600 r/min, JR & 1 mm, $& A i [ 4 min, §l] &
30 minfi (19 &R . AR YE DK B L 65 B 7 Ak b Al
R IGINH R . DL 4 R B R AR AR L DUAE X R G
il 3 YA bR e S AR 4R AR 2Rk |3 7 AR SRy ECs,
CEBUR I FD B 4F B v BE . LA T ol 2 30K 6 0 i R
S A e A 4 A 0 WS RO IR I M D
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W& 4R M (TR 48 F 106 Pb2T +Cd*"  Cd*" +
Hg*" .Pb*" +Hg" ZCR &K K. Pb"™ +Cd*” +Heg"™" =7t
RAERR SIS EE LB S FEERRP. SFRETR
W VR B RR AR R E 6 MWK EL. K
WA R Hop — 41 A A R (w= 3% NaCl % %0 .
FRIUR Y i v B L3R 2. DR 1. 3, 4R U 4 Bl i TU
5 AL Pb*" +Cd** .Cd*" + Hg* \Ph*" +Hg*" LR A
WA Pb*" +Cd"" +He't = iR AR AWM A& F 1T
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1.4

ﬁ_iﬁﬁﬁ'ﬁ ECs,

EC;, of single heavy metal toxicity

FE it ECso/(mg =« L™ MM A [ 5 AR B RERE/ (mg- L7
HgCl, 1.3 0.988 99 y=3.583 72+35.630 35x 1.0
Pb(NO;), 13.7 0.963 45 y=11.56517+2.812 08« 8.6
CdCl, 53.6 0.961 44 y=6.203 57+0.816 54z 32.9
x2 R ZERRAHKERERERL
Table 2 The concentration of binary and trinary mixture of heavy metals mg/L
RN 25 [ 1 2 3 4 5 6
Pb*t 4 Cd? 0/0 1.075/4.112 5 2.15/8. 225 4.3/16. 45 6.45/24. 675 8.6/32.9 17.2/65.8
Cd?" +Hg?" 0/0 4.112 5/0.125 8.225/0. 25 16.45/0.5 24.675/0. 75 32.9/1.0 65.8/2.0
Pb?t +Hg?" 0/0 1.075/0.125 2.15/0.25 4,3/0.5 6.45/0.75 8.6/1.0 17.2/2.0
Pb? " +Cd*" +Hg? " 0/0/0 1.075/4.112 5/0.125  2.15/8.225/0.25 4.3/16.45/0.5 6.45/24.675/0.75 8.6/32.9/1.0 17.2/65.8/2.0
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Table 3 Toxicity evaluation of heavy metals mixture based on the toxic unit method
RERR 2RV M A O MRIEG)  BERAL(TU) Ry

Pb2T +Cd* " y=51.068+09. 443 12« 0.979 57 —0.113 1 GRS

Cd?>" +Hg?™" y=233.207 46+14.890 14x 0.967 02 1.127 8 FEYL/E

Pb2T + Hg?™ y=39.136 17+9.496 77x 0.970 33 1.144 0 FEPU/E M

Pb?t 4Cd?2" +Hg?"  y=27.609 91+6.322 69« 0.998 15 3.541 2 FEPU/E M
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Figure 2 Toxic effect and linear relationship for mixtur
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Table 4 Toxicity evaluation of heavy metals mixture based

on the additive index method

REKR S{H ATfH N
Pb?t +Cd?* 0.148 5.757  BhREIAEA
Cd?" +Hg?! 2.564 —1.564  FEHAEA
Ph?* + Hg?* 1.903  —0.903  FEHlEH
Pb? +Cd? " + Hg?" 3.746  —2.746  FEHAEA
3 gk
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Cd*" +Hg"" Pb*" +Hg"' P +Cd*" + He®' B4 A
77 XX g PR B %07 W6 PRI A R R K &
R VR

2 & Uk

L] i, REIUKR, LB, & RIVHEG R S5R ™02 4]
Hp E Ol B 4R, 2002, 4(4): 3-10.

[2] Kelly CJ, Tumsaroj N, Lajoie C A. Assessing wastewater metal
toxity with bacterial bioluminescence in bench-scale wsatewater
teatment system[ ]J]. Water Research, 2004, 38(2): 423-431.

(3] RBbL, Bz, BHT. 55 AW RICEAEAS™ 522 2 MR iy
NTET LT ] RV FRIE R4, 2006, 254 T« 421-424.

[4] ZEbkre. Mse, 22057, . A BE LD 6 00 Jif 400 45 Tt B Bk ik

YORE W AW REELT ] )0 B AR % ), 2013, 30(3):
332-336.
(5] Zeif, Mok, 2547, 4. WA [R50 B 55 58 W06 DY F B0 58 A4 11
WM LT]. R PR, 2010, 29(9): 1 681-1 686.
[6] B ATk FF B e X B I £ 5 Pk S A LRI B 9E (D], db st
HrE Rl K2, 2015 30-32.
(7] =5, AU @25 K AR Y AT R PR M AT L D], KigE: K
BT K2, 2014 28-38.
[8] Prakash J, Mimalakhandan N, Sun B, et al. Toxicity of binary
mixtures of organic chemicals to microorganisms[J]. Water Re-
search, 1996, 30(6): 1 459-1 463.
L] A= BL, WA, WEH. 6 R &8 09 KO0 i Bt o S P AR
Yo USRS AT LY. MR EREE AL, 2015, 34(2) . 176-183.
L10] pH sk, Az w5 T A I 5 AR A A 7™ & K ep g oz B 5 L.
W 2EBE 4R, 2011, 18(2): 74-77.

L1170 SRWBT, S, IRIEIR, . B4 E R A 0 W] 58 & G HF i
W AEREELT ). Al FREER 2241, 2011, 30(12): 2 446-2 450.

L12] fKWHE, XL, XUMR. IR-E WIE& SR i 7k (Cl//
T E S S A BT L E RS ROL K ie UE.
Jeat: RS P E R E A RBE . 2008 481-486.

[13] Fulladosa E, Murat J C, Martinez M, et al. Effect of pH on ar-
senate and arsenide toxicity to luminescent bacteria (Vibrio fis-
cheri)[J]. Archives of Environmental Contamination and Toxi-
cology, 2004, 46(2) . 176-183.

(147 RERR . BB, PRI, 55, S5 MEAC L vk I 5840 4% A A
RAKRICHM RIS L] AR REE, 2007, 16(4): 1 085-
1 087.

L1657 EARFK, TRMA, AR, T4 Jm 50 4T . x5 e R g 86K 1) 7%
PELT]. Hf B2, 2003, 15(1) . 35-38.

(E#F 15 70

[ 8] Saraiva M A F, Nes I F, Baracat-Pereira M C, et al. Purification
and characterization of a bacteriocin produced by Lactococcus lac-

tis subsp. lactis PD6. 9[J]. Journal of Microbiology and Antimi-
crobials, 2014, 6(5) . 79-87.

[9] Pasteris S E, Pingitore E V, Ale C E, et al. Characterization of
a bacteriocin produced by Lactococcus lactis subsp. Lactis CRL
1584 isolated from a Lithobates catesbeianus hatchery[J]. World
J. Microbiol Biotechnol, 2014, 30(3): 1 053-1 062.

[10] &, s, sk, % A R0 & B S5 AHLH LI

AW 2Fm 4R, 2010, 37(10): 1 519-1 524,

[11] Desriac F, Defer D, Bourgougnon N, et al. Bacteriocin as
weapons in the marine animal-associated bacteria warfare: in-
ventory and potential applications as an aquaculture probiotic
[J]. Mar Drugs, 2010, 8(4): 1 153-1 177.

[12] Bids, HB, JREE, S5, RS TP 30 T 0 05 11 42 R 5 4
[J]. & & SHL, 2011, 27(5): 123-125,

[13] fLARAE . IBEZS. Nisin 75 Rl AR & a0 i 5
HLB . 1997(2): 28-29.

[14] G5, R0, MRMMH ., % FLIREEERE X & 5 Tl dhm
AL, Bi S, 2004, 20(4); 61-63.

[15] A g . Nisin 78 548 O 6 g B TR R LT ], & & S5 PR
2008, 24(2). 131-133.

64

[16] ERE, F8t. FLMR MW AR
M, 1995(4); 14-15.

[17] F&de, XUHEHR . 2ok, . BR 3% RS o iR Rl e oy 348 £ 1
PR pEsELl]. A, 2010(7) : 5-8.

[18] RE AR, D%, FIH G EFoK kR =R FRLI] &
SIS & . 2004, 25(4); 52-57.

[19] Briu4e, =30, FIH KRG HEFOKM EREM LI, MR 577
%, 2007, 28(3) . 42-46.

[20] X7, Zsheide, WUHTIEL KT 800K &k W 2E 7= 44 B (i L
ZHRED]. BRVGRHE R AAARRAIR . 2004, 21(4): 83-85.

[21] Fipvde, fREAE, A, 45, BRI rhmg iR 2L FF o 76 78 K &
e R AR )], R EERHEGE R, 2011, 40(1): 21-23.

[22] &AME, 2500, Mo 45, A= HEAR I 0 5 25 2F TR (0 90 141 0%
K. BB S5 K, 2006, 27(3): 110-111.

[23] dk/NTE, B K. BUE. 1Ak 4008 K 70 14 19 %8 A1 %
M4y B il ). R E SR, 2013, 13(12) . 181-187.

[24] f¥KE R E, FAM N E. AKRAH S & FMHIMI]. o EB %R
WA WIS BT AS 40 0 % T BB e 4L, 7. dbat: BhaE

TR REFMARIT] TS

JH: . 1984.
[25] Rk, 4500, B AW R4 w FMIMI. dbat. Bl R
¥, 2001,

[26] B30, ARFBR. FLERE MY 4r 28 5008 K i e[ M. Jbxt.
[ 42 Tl R At 1999.



