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Preliminary Study on Seed Germination and Bacterial Bioluminescence for
Assessing the Toxicity of Domestic Bentonites
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In this preliminary study, we assessed the toxicity of domestic bentonites using environmental toxicity testings of
seed germination and bacterial bioluminescence. In cases of tested bulk bentonite samples, following ranges of tox-
icity were observed: -3 ~95% bioluminescence, 7.1 ~92.1% Lactuca germination. Similar results were also
observed among tested other seeds, except seed Raphanus. No significant correlations between toxicity and metals
contents of bentonite extractants were observed throughout this investigation. Interestingly, distinct different effects
were observed according to bentonite colors (blue 67+8.7%, pink 27+10.4%, brown 58+14.5%).
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2.1. HIELIO|E A|ZHE

AHAERE AT AGolA AF e HIELE 12
Z2 AM8-319th35b, 35p, 40b, 40p, 40br, 40-2br,
40p, 40w, 46b, 46p, 50b, 50p). NFAIFE A lA
ZARE FIAAE e £} Fe] Al A
< ¥A3tHb, blue; by, brown; p, pink; y, yellow;
w, white). oS £0J, 35b A7 A$ole 7E35T
A oujdt) ARE YAEE oAz ¥, oM

o wpAAbLE Fuslete] Ao Al

?l_
(150 pm) @}, 20327+ 214 -21(2000 pm)F e
(045 pmyste] E4SSIEE £4gv] 2= ICPOES
(Optima 7300 DV, Perkin Elmer)E Z-&3}31oH,
W] F8 eH=R EFHEE As, Cd, G Cu, Ni,
Pb, Zndll thst 2498 AT
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Lactuca sativa L. (Ls, 735), Raphanus sativus L.
[Rs, YEER), Malva verticillata L. (My, X|PlolS),
Brassica campestris L. (Bc, ¥l3) (F-$-8lo]2,
Korea)s ARl A8S Fadsigith. Aok A8 A
o] 3% H0,% Aot RS AEsly ZRss A Wl
AA & ARSI HIEUClES] e 3Rl AlF
gkl FiE U= ZHERIE (3 @20 mL)ol
A8tk A8 5 mLE Petri dishe] oJ#A]el] ¢
3L, Z2Fe] Petri dishol] &3k 20712] ASke AE
% parafilm®2 YE3k] 23°C AollA] 347 v
slth R o 2= 5 mLe] HitE AME-sIsi o
EE AFL 33 vt st Ade widst Al
HOoZHE 3] AFste] B Zol7t 2 cm o
Ak Ag ol 107 7Rl o dixdtel gk
Aol WopiAFE WEEE Fkse] LERSIT

Escherichia coli DH5?RB14362- A1-8-314
A Foll WEE s cHdEde] EAE
F ZAo] AllEe S4S 7KL Adrk AL
B3t #5= QA Luria-Bertani® I @ui=|ol] A
of wiFsted ARg-sGATh AES 98l 27°C, 130 rpm
zZ70)4 AAEiR] ] overnight ¥l = ThA] )
Aol 1:300] HE2 3|43 & ODgy=0.6°] 2 w7}
A Auj ettt ¢S minimum salt medium
MSM)2. 2 0Dgyy=022 3|A3ted gl AME-33T.
E45AS W GGl 2AS] SPsneH o
F 1mLel A8 9mLE =347 ¥ 27°C, 130 rpm
7104 wljgFele] 05817 Mo R Wt S48}
Aok WEFS AR 04 mLe AFH3SH] luminometer
£ olgsl SHsIo™ wiF & WAL 1547
gy WHES o) &siith WRAE dele
relative light unit (RLU)°I™ ZHtj IHAIXE 9,999
RLUo Tt}
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Table 1. Ranges of each metals in 0.1, 1, and 5 N HCI bentonite extractants

Extractant As Cd Cr

Ni Pb Zn Total "

0.1 N <0.05~0.13* <0.05 ~ 0.54 <0.05 ~ 0.04 <0.05 ~ 0.75 <0.05 ~ 2.96 0.13 ~ 2.58

091 ~ 434  8.67

I N <0.05~ 275 <0.05 ~ 2.40 <0.05~12.65 <0.05 ~ 3.05 <0.05 ~ 6.20 1.85 ~ 18.40 1.51 ~ 10.00 31.60

5N <005~ 349 <0.05 ~ 351 <0.05 ~ 342 <0.05 ~ 4.17 <0.05 ~ 243 243 ~ 18.83 4.41 ~ 30.58 48.86

*Total,,, presents the maximum concentration of seven metals in extractants.

Metals in clay mineral (ua/g)

35b 35p 40b 40br 40-2br

40w 46b a6p s0b sobr  SOp

Fig. 1. Total concentrations of seven metals on 0.1, 1, and 5 N HCI bentonite extractants.

Cr, Cu, Ni, Pb, Zn)o| i3t HEUOE 1g
2 0.1, 13 5NolA 157 ~867 g 59 ~ 316 g
I8 1917 ~ 1413 pg BYE 247 ZAEATH
78 B2 F duHog 7Zn (01 N 1.87 pg/g, 1 N
4.99 ng/g, 5N 1231 pg/g)el 74 2ol o] 3l
= Foz AN eplEEde] Tl i T
& T A =y 3 oAe o 2ok
Zn (639 ug/e) > Pb (5.16 pg/e) > Cu (1.16 ng/e)
> Cr (095 ug/g) > Ni (0.93ng/®) > As (052 pg/e)
> Cd (0.35 ng/e).
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Fig. 2. Toxicity of bentonites on seed germination of three seeds type.
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Table 2. Summary of the effects of bentonite on the activity
of bacterial bioluminescence and seed germination

- ole-

‘l ‘ —7—7§}£|‘ N 70}031—‘;—

Table 3. Comparisons of toxicity of bentonites, grouped
with same color

Clay Toxicity (%) Bentonites Color Toxicity (%)
minerals  bioluminescence s§ed. total 35b, 40b, 46b, 50b blue 67+8.7
germination  average 35p, 40p, 46p, 50p pink 27+10.4
35b 16+68 83+5.3 66+33.6 40br, 40-2br, 50br brown 58+14.5
35p 25193 02+145  31<124 20w e ™
40b 62+5.7 7345 70£7.1
40br 86=1.5 33175 46+302
40-2br 8822.0 77188 55:23.2 = A oR et (pvalue > 0.60).
40p 3+12.9 18+9.6 13£13.1
40w 0121 43145 38112 33. HIELOIE =4 FE=EH
46b 50+6.8 57+3.4 55+4.4 °FH0.1, 1, 5 N HCDOZ FZ% WELo|ES
46p 29+5.0 26+15.6 27+12.8 S FHIIE)H 54 ] ABIAE 24189
50b 96+1.0 69+15.6 76+18.1 th BE 54439 $E5 g FEe 4
50br 980.5 67+227  74+239 S & 4 gtk 0.1 N HCl % A3lA A
50p 83=1.4 23+9.6 38+31.1 ote] H49} WEUE Ul T34 T3] RE
0.045 °o|3}= AELF(R?=0.0652)H ) & AaAAS
UeRiSIT. w284 g AR 9 Mok
ol theled ZAITE BARARAE flAl K84 Wel Save] AR BRY 5+ YTk AW 5
AZEFe BFBAT AR(Lacuen, FEDF N HC FE 9 v BN 535 B0 ol

(Raphanus), Xvlole-(Malva), W5 (Brassica)2] Skt
ofo] ZAstA Hrlslon 7+ Robd =4A4E
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A & Roteg Kot A77t niX= I Wil Ao
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]o]. =7 =L Eﬂoﬂa}_— Hol 740 44.34% =
HjFFom Aobd 7} MELe|E| it Sdxtol=
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e A= Yedth (pvalue > 0.65). HIEU|E
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(484%)°] #=A Yehtov AR 0 2= 2tol7t gl

At 53] A5
o], & EH TIEIF 224 pg/edt 1413 pg/eol

Yzt 942k XHH
Ak 4= 9l ﬁow

2 ATellA WlEVe|EXY 7[ake pietalr] 98| A
8 B SAEIAE JYERITH(Table 3). WlEMe]
Eo] A7z =gu|w A3 FEg Edxto] (pvalue
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