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Factors on Application of Bioluminescent Bacteria to Measure Acute Toxicity of Copper in Soils

WEI Dong—pu, MA Yi-bing, CHEN Shi-bao

(Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract : Bioluminescent bacterial test is a rapid and cost—effective bioassay for risk assessment and monitoring of environmental pollutants.

However, there are some limitations when the bioluminescent bacteria from seawater, such as Vibrio fischeri, were used in soils because rela—
tively high concentration of NaCl was added in the tested samples. In the present study, the bioluminescent bacteria Vibrio—qginghaiensis sp.—
Q67 from freshwater was used to develop a bioluminescent bacterial bioassay. The factors and conditions affecting the acute toxicity of copper
in soils were investigated, including pH, background solutions and the extractant of 0.01 mol-L™" CaCl,. The results showed that Q67 was suit—
able for the samples of pH 5.5~9.0 in soil environments. According to the bioluminescence and Cu toxicity measured using Q67 in different
background solutions, it was found that the bioluminescence of Q67 was more stable in an artificial soil solution with about 0.01 mol-L™" elec—
trolytes than in other solutions (an artificial soil solution with about 0.001 mol - L™ electrolytes, artificial lake water, 0.1 mol+L" KCI and 0.1

mol L' CaCl,), so that the artificial soil solution with about 0.01 mol- L electrolytes was suggested as the background solution for biolumi—
nescent bacterial bioassay with Vibrio—qinghaiensis Q67. It was also found that the solution of 0.01 mol L™ CaCl,, which was often used as a
soil extractant, decreased significantly the toxicity of total Cu in solutions. These results will be helpful to develop a bioluminescent bacterial
bioassay for acute toxicity measurement of heavy metals in soils.
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BB XS 240 R 114 ) B A o P FHR &3 (Relative light rate) (% )=
WK K CHN N Vibrio fischeri 15 1 8 43 & 1Y BRI RLU 000 (2)
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MU RE R TS AR DN M 4 R w1
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20 B 7 FH T A R S E R e R AN a0
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11 FigINE Q67 KRiEMIEFE

FHiFINE Q67(Vibrio—qginghaiensis sp.—Q67 ) Hi
FEREE Be AR SR O B FR AP 13.6 mg
KH,P0,.35.8 mg Na,HPO,- 12H,0 ,0.25 ¢ MgSO,-7H,0 .
0.61 gMgCl,-6H,0 4046 mg CaCl,-2H,0,1.34 g NaHCO;
1.54 ¢ NaCl.,5.0 g R R MUK 5.0 ¢ BEE 11 3.0 ¢
PN = A 1000 mL 2588 77K, AT 1 mol - L NaOH
£ pH 4 9.0,
1.2 EiEIE Q67 HE B R H &
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&6 A RLU(Relative Light Units ) 7, A Sir—
ius AIGINGR/RIY RLU -s™ A0 Y T4 I 25 R A i 14
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Table 1 Composition and pH of background solutions

IR pH AL
CaCl, AW 6.08 0.1 mol-L™" CaCl,

KCl 5% 5.51 0.1 mol - L' KCl
ATHAIWIK S o 0.06 mmol- L KCIL0.1 mmol " CaCl,,0.23
(ALW) : mmol - L. MgS0,,0.5 mmol - L' NaHCO;
e B N T AR 0.25 mmol - L™ CaCl,*2H,0, 0.15 mmol + L™
P AR 5.48 KNO;, 0.06 mmol - ™! Na,SO,, 0.33 mmol - L™
(LAS) NH,NO;, 0.1 mmol - L™ MgSO,+ 7H,0
[EN TN 2.5 mmol - L CaCl,-2H,0, 1.5 mmol - L KNO;,
E R a1 5.64 0.6 mmol L' Na;SO,, 3.3 mmol L™ NH,NO;,

(HAS) 1.0 mmol - L MgSO,-7H,0

1.5 AEESBRMEEILE Q67 MEH Cu FHEH
=AU

435 0.1 mol + L KC1 LAS \HAS Fil + SE45 B
YERTE SO, TE ] Cu RANE WK 0.0.02.,0.04.,0.06
0.08.0.2.0.4.0.6.0.8.1.0.3.0 1 5.0 mg-L™, H 1 mmol -
L 2—(N-MEmk ) Z, fif i (MES , Amresco, 35 [E ) 25 i
pH Bt pH J#24 5.5 A ARFINEE R . H HAS VE RS 5%
W, 4% 1.2 B TE R RS, - IR 1.3 B AT
KOG E o T EEEBCR H 0.01 mol - L™ CaCl, 1+ 1§E4%
B 10:1 B ELBNR A, R3% 60 min, B0 U
1.6 pH X EBINE Q67 & FHIFNT

A 1 mmol - L™ 2—(N-MG B ) £, fifi iz (MES ) F13.6
mmol * L7 3—(N-Ikmk ) Z 1 1% (MOPS, Amresco, % [H )
YEZZwh3), Bl pH SN 4.0.4.5.5.0.5.5.6.0.6.5.7.0,
7.5.8.0.8.5.9.0 () HAS ¥ . FH HAS 1EH 8 S
FEITE 1.2 TS B . 3% HL 900 WL A[A] pH Y
HAS AR A B A b eI 1.3 1
Ik T RGN AE
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Cu B2 (H 1 Cu™ iR BELA: Cu ¥RIE ) Yo M F1 b
*u%ﬁﬁ,M %%/j? lgECSOO

2 #R51TR

2.1 AEEFFBRMNFEINE Q67 ZALHIFIT
FEFINER Q67 Je AT 5] 75 g 8] v ) £ (A 1T 7
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< | =% 0.1 mol-L™" CaCl,

oot
= 40 +
o L
20
O -

0 20 40 60 80 100 120

Time/min

K ()W SR WA IR P & B ES AR
Xof 4 T (1A B 0 52 7 A R 5 (3) T S TR N - 4
VAR I 8 - B R AR A3 S i — 5, U T AER T £
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(a: LA HAS i TO INZIH) AOGIE X BEEEA T s b DI H SR TO I 2 AOGIE X IRBEA T3 iR 224 bnifiE 22 )

(a:Relative light rate was expressed with percentage of RLU of HAS on zero time; b ; Relative light rate was expressed with percentage

of RLU of individual background solutions on zero time, the error bars represent the standard errors )

Bl 1 ARESEABEN Q67 ZIXHIZH

Figure 1 The effects of different background solutions on the bioluminescence of Q67
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K LR PERR R A3, ALW . LAS 1 0.1 mol - L™ CaCl, 1.6 TLAS
ARFRA IR B AL 0~15 min 2 RIS, BiS mHAS
ST ITAO Y. (LA AT HAS HOHIRE % 12r N
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T DAL 1 BRI | R 50 T
DIRIEA BB (0 R ) 1h LA VAT TO 00 .

it ZI0 ) & JEAE N 100% , T1HEAXT & 6 R4 0~105
min P XZEAE S TR LI i, HAS Fi1 0.1 mol -
L™ KCI ZbFEAE 0~105 min PN REHS DR-AF— 7 1Y AR
BE, FHXT R YEHRTE 32%~100% 2 8] 55 e 1 AR o
B, BEAE BRI AT HAD TS S A AL BRI AR X &
TERREARBNEARAKY, KRIGHREE O AR A
{8, AREHIT 2 GINAE o PRI, TCie A AT Y A& ok
JE IR SR AR 2 3 Bt s [R] B AT 0 34N — 5 B[R] P
B 2 G R AR E YRR % 1 HAS BB 2AE MQ67 ¥ 5
VSR Al e . A ST IR Q67 MRyt
FEPPL S R e T ALW AR 3 S AT PR KA
i B REPEIIA, ASRgn 2k Q67 W H T H AL AL )
BEMEE, E 1WA DI HAS VR Stin i,
Q67 1) K& IR M I ko B AR ALW b 4T
1ML, o5 A i B 3, DAL =ik
JEN T+ S8 nT VR A Bl Q67 T 1
R b BRI A 1T SO
22 AEESBREASIEINE Q67 MER Cu FitR
A

KFARFT FE AT 58 408 Cu 922D
SEMRZIE WLIE 2, 164 LAS HAS 0.1 mol - L™ KCI I
TR IORAE N SO TR . B 2 AT LR
L, T Co® 3 A JE 4 Cu 37 , LAS (HAS F11 0.1
mol -+ L™ KCI/E R S M 5 LI B R AE A 75 50
T 1Y 1gECso BEAT B E 25 5%, LAS (HAS 0.1 mol -
L' KCI A1 4 e 46 ORI % 1) ECs (42 Cu) 4351l
12.03.8.44 11.83 F1 12.9 pmol - L™, ] Cu>¥if R
1) ECso 43514 8.88 .4.40 4.13 1 6.55 pumol - L™, 1361
LAS HAS #1 0.1 mol - L™ KCl fEH 15 S WAL 3
SN -1 v T R E

JETEARMG T, BRI Cu MR E %
AT A IR EDNT R b e sl S SE NS A |
MR IE, B E TR R 554, T
PISRAE H S Onorati I Mecozzi “WEPEHA
KIRGE vhiE 1 9 N T K AE A Microtox JE (75 5%

4 Cu(pmol - L) Cu®%i /& (pmol - L")
(R 2R 95% 1) B 51X 8])

(The error bars represent 95% confidence intervals)
2 REESRBERI Q67 ME Cu FHEAZM
Figure 2 The effects of the different background solutions on

the Cu toxicity measured by Q67
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error bars represent the standard errors )
3 pH XEHEINE Q67 & LHIF N
Figure 3 Effect of pH on the bioluminescence of V. ginghaiensis Q67
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Figure 4 Dose-response relationships of the relative light rate as a

function of total Cu in solutions
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Figure 5 Dose-response relationships of the relative light rate as a

function of free Cu* activity in solutions
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