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Development of Marine Toxicity Standard Method for Marine Luminescent
Bacteria: Introduction of N-Tox test
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Luminescent bacterial toxicity test was first introduced in the early 1980s, registered as international standard
method in 1998 and now widely used as a common toxicity test method. This toxicity test uses luminescent
bacterium, Vibrio fischeri, originated from marine environment as a test organism. The degree of toxicity can
be evaluated from the comparison of luminescent emission intensity between control and treatment groups to
toxicants and materials from various environmental matrix for 30 min. This test can be carried out by using
commercial products and its results are sensitive and precise. This research is on the feasibility of adopting
luminescent bacterial test as a domestic standard test protocol. Using commercial products, a series of exper-
iments were conducted to identify the precision and accuracy of injection volume and light emission, and to
evaluate concentration-response relationship between chemical concentrations and light emissions. Also, the
feasibility of the application to environmental media and quality assurance/quality control were checked. The
results of serial toxicity tests revealed that the preliminary luminescent bacterial toxicity test was robust and
suitable as a standard method.
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Table 1. General description of test species, Vibrio fischeri.
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Species Characteristics
- Distribution: cosmopolitan species found in world wide
_ . - Morphology: Cylindrical type with polar flagellates, 2~4 um long, and 0.5~1 um wide
Vibrio fischeri o . : . : . . . . .
Beijerinck (1889) ~ Characteristics: symbiont with luminous organisms, especially deep sea animals, quorum sensing through autoinducer production

- Toxicity test kit supplier: NeoEnBiz (Korea), SDI (USA)

- Phylogeny: Bacteria - Proteobacteria - Gammaproteobacteria - Vibrionales - Vibrionaceae - Vibrio - fischeri
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11177) oo}, Th& HFE ¥ fischeri(ES114)2} 228 Zlo] glont
YHglok=s 22 F8E 7 Qe el et 5o &
2 Qo PR A Al RS 2 ERIsford et itk

Vibrio%soll &3hz vlelg]ols YRk ox AL 3ozl sht
o] gj7] FelE 7 Stk AA| miF]ellA] 2FE = 2 el
golzl 7 & Gej o] =4 X (sheathed polar flagella)Z &2
o} AT} sho] AL ofe] /N 7= REA A s x| ef|A] 2t
g wf= oleos S 7HA] %2 HY (unsheathed flagella)
E 7 23] Hrt, o] 1% 574 (Gram negative)°] L U
3 (endospore)s FAJSFAY A G (microcystyS FAITHA] &
=t} o7 &8s 52 DNAYS G + C contents”} 38~51
mol%°|th. tFte] SF e 71750 R g &2 1Ho]
U AUlelld B ET o] F ¥ fischeris &l 27019
kg7 ol 58 AH(symbiont)E At 5= = 520] YATH(McFall-
Nagi and Ruby, 1991).

2 AFAES A g 712 Aty FRBAE T
Hah= odto] Wol o] &%) o1} Bulich et al(1981)] o2&
Fute|glofe] gk Ast @ido] 54 AEE o8 7 Qe
7Fs/do] ezl S5 dgutd|E]ol F3PAIA Y] APYEE
] o] &E 1 Gt} 2 AFtelx] ARS-S AlEAE W AR Aok
2 Y| 24H] 2= (Korea)oll Al Al5-=i= N-Tox A5 ©]-&3I3tt. o]
AFY T AEAE(V fischeri; NRRL B-11177y8 FA4%
TR A FshE gt 2o A CK(VF 100), FFH7dEIS] g
HElolE 719 A JSAI2HRS 100), A= L Ak 3|40
£5= FEXAIKDW 100 & DW 200), 259t 24 22 9)
WA K(SA 100) 0% o] glor] Fgalol g &
T -20°C JE|Z Hasitir) Algle] Qg v igbe|e]opa|oF
off A AIkE FolFH FHAdE S wEE|olrt Aot ig
3l7] Az Elo1glol SA] ZAg ARl o] 88 = lrk A1 P&

12 O 1T o

ofite] - wpa% - 713

ot
ofN

71 s} 9 A RS 18] osuEee] =S ol 5k
ov] wgurElRoh Aok 9] B WY FHL AFH]7)9

N-Tox Model 300(d] 2.5l =)& o]g-31th HArae]E s}
A FE3P el 8 35952 KoCr,05, 3,5-Dichlorophenol,
ZnS0; - 7(H,0)5 AH&-3t3itt.

£ AFrelM e gt Elol 5/ BlAE AARIC R A3
< Brkb] S8l 71 3 kel sstEd W d@gAIEgY,
A= F7EE AT 718 &5 FrlelAe Aok B50

QYA 7S AT BE AlgE HAE Hof| 98-S 1A
SIACE 15 psu ©]310] Algis SRt AS o] 83k 20 psuE
ZHSAL 15 pswellA 35 pswrleld AlRs I8 S kA
okorct. slstEA w AR H7leA= potassium dichromate
1} 3,5-dichlorophenol®} 2= E22] ECs #k& HIAESIGIA &
&1 Aol tigk AR =4 AE vEE HAES
ok A7 Aol BEEdELS olgste] F7140
% ECsrer 731 o5 FAET A H9lol F-gu=A A
HITHISO, 1998¢).

bguteglol 549 AIEE 7184 0% Table 200 whet AAISH
sict. shetEAde] tigh HIAE: 849 DW100S ©]-8-38131ar 3
F719e] BESu aAld HlAEe:= 844 DW200S o83t
STk Aok AFE F9% BIAE= N-Tox 717]€} NTI 100 22 E
eE ol-g-sto] THA 25 pl, 50 pl, 75 pl, 100 plof] 3iF== <F
= AeTdstl & F g A2 FAE A5 Rt
2] FA = AL (AX200, Shimazu)Z Z7g3t] F 103] ¥HEs
Sk gk =7 HAEE N-Tox 7)7]0 962 Zeo|ES F2
A7) 3L gk Elob AlokS 96well ZH2tol 100 ul¥ AFEETA]
71U SA S Abs S sk B oR FHsIsia
LA AR 7 A g A A DA gk 10002 28
sto] UpA] Z}F 9] Zhs iAo H3AIA s

N-ToxZ ©]83¢ BF54E54 WiE 54 AlES 96d=do]

Table 2. Summary of test conditions and test acceptability criteria for luminescent bacteria test.

Parameters Test conditions
Test type luminescent bacteria test for liquid phase sample
Sample type fresh water, salt water, pore water, ground water, any other aqueous liquid phase samples

Test species
Diluent

freeze-dried Vibrio fischeri; NRRL B-11177 (N-Tox VF100)
DW100 for fresh water / DW200 for salt water

Test chamber 96 well plate

Test volume 250 pl (max)

Temperature 15°C

Salinity 20 psu for fresh water / 35 psu for salt water
Test duration 30 min

Dilution series more than 6

Number of replicates 4

Instrument N-Tox Model 300

Endpoint inhibitory effect after 30 min exposure

Test acceptability criteria

1) Variation of natural light emission rate between 0 and 30 min must be 0.6 ~ 1.8

2) The following reference toxicants cause 20% - 80% inhibition by 30min exposure
(a) 3.4 mg/L of 3,5-dichlorophenol
(b) 2.2 mg/L of Zn’+ (as zinc sulfate heptahydrate)
(c) 18.7 mg/L of Cr*" (as potassium dichromate)
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Table 3. Results of auto-injection volume test with N-Tox system.

Auto injection volume (pl)

Set value 25.0 50.0 100.0 250.0
Measured value 1 27.5 50.1 98.1 247.2
Measured value 2 24.7 48.8 99.1 247.2
Measured value 3 253 48.8 98.7 247.3
Measured value 4 24.0 49.5 98.1 247.5
Measured value 5 23.7 48.8 100.2 247.1
Measured value 6 24.1 48.6 98.5 248.3
Measured value 7 24.6 48.8 99.4 246.6
Measured value 8 24.0 49.7 99.2 246.1
Measured value 9 25.4 48.6 98.7 246.8
Measured value 10 23.5 50.0 98.9 246.6
Average 24.7 49.2 98.9 247.1
SD 1.2 0.59 0.63 0.60
RSD(%) 4.8 1.2 0.6 0.2
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1.8 mg/Lell A 20% 3AEH, 3.2 mg/LolAd 50% L3AS), 5.4
mg/LelA 80% WHFANE Hol= F oz EAHSI o] + &
AL =FZ AR STl w544 QPE] v HElS Hol=d &
=4 potassium dichromate= =FA|{to] 57185 343
L S7kekE el vkl 17154454191 3,5-dichlorophenol
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Table 4. Comparison of relative light emission values when 100 pl of bacterial reagent is auto-injected in each 96 well.

T = Omin
1 2 3 4 5 6 7 8 9 10 11 12 AVG SD  RSD (%)
A 100 103 104 101 103 99 100 100 100 100 98 100 101 1.6 1.60
B 100 96 100 95 97 98 96 98 95 99 96 96 97 1.8 1.88
C 100 97 99 96 94 97 94 96 92 95 98 95 96 2.2 2.29
D 100 99 99 100 98 98 103 103 105 103 102 103 101 2.3 2.25
E 100 102 98 97 99 102 99 97 97 100 103 101 99 2.1 2.07
F 100 97 97 97 100 99 96 100 929 101 99 100 99 1.7 1.71
G 100 103 101 102 101 100 102 100 99 100 103 104 101 1.6 1.55
H 100 103 100 103 102 101 104 102 102 103 105 105 103 1.7 1.63
Total 100 2.7 2.7
T = 10min
1 2 3 4 5 6 7 8 9 10 11 12 AVG SD  RSD (%)
A 100 110 107 107 106 104 105 103 104 103 101 105 104 2.9 2.73
B 100 88 101 86 97 98 98 99 97 98 97 97 96 4.5 4.67
C 100 104 103 103 101 101 103 101 98 100 102 100 101 1.7 1.65
D 100 100 98 97 100 97 99 102 101 103 100 102 100 2.0 1.98
E 100 104 101 100 102 104 100 102 103 103 100 100 101 1.7 1.64
F 100 104 101 99 101 98 100 103 100 101 98 99 101 1.9 1.89
G 100 103 99 101 102 103 105 102 105 99 101 103 102 2.0 2.00
H 100 101 104 104 102 104 106 103 105 104 105 103 103 1.6 1.58
Total 101 3.3 3.3
T =20min
1 2 3 4 5 6 7 8 9 10 11 12 AVG SD  RSD (%)
A 100 108 111 112 108 105 106 106 105 106 105 104 106 3.1 291
B 100 89 103 91 98 98 99 99 100 100 99 99 98 3.9 3.96
C 100 106 103 102 101 100 102 104 100 104 102 99 102 2.0 1.97
D 100 100 100 929 100 96 100 98 100 102 101 98 99 1.5 1.48
E 100 102 102 97 101 102 100 100 102 102 102 101 101 1.4 1.43
F 100 101 99 98 97 99 98 99 98 100 96 96 98 1.6 1.58
G 100 102 98 101 100 103 101 102 101 98 101 101 101 1.5 1.47
H 100 98 99 100 99 100 100 99 100 98 99 99 99 0.7 0.68
Total 101 3.3 33
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(a) Concentration-response curve for potassium dichromate toxicity test
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(b) Concentration-response curve for 3,5-dichlorophenol toxicity test
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Fig. 1. Concentration-response curve of lumninescent bacteria to
reference toxicants. (a) potassium dichromate. (b) 3,5-dichlorophe-
nol. The certified ECso values of potassium dichromate and 3,5-
dichlorophenol are 18.7 mg/L and 3.4 mg/L, respectively. ECs, val-
ues of these tests were 18.6 mg/L and 3.2 mg/L, respectively, with
the 4 replicate tests.
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Fig. 2. Luminescent bacteria test results with field samples. D1, D2,
and D3 represent freshwater samples, D4 brackish, and D5 salt
water, respectively. Light inhibitory effects were measured in 5 min,
15 min, and 30 min exposure. Asterisk means significant difference
from the control.
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Fig. 3. Reproducibility of N-Tox test results using reference toxi-
cant, 3,5-dichlorophenol.
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