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Toxicity Evaluation of Hazardous Contaminants by Measuring Lag Periods and

Specific Growth Rates of a Test Microorganism
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(Received - 1998. 5 4., Accepted

1998 & 20

Among 31 water-born microblal straing isolated from vanous sies in Korea, stran DJ-4 was selecied as a test organism for
toxicity measurements in that 1s growth was completely mhibited by the pressnce of 868.4 mg/t of chloroform and 297.5 mg/L of
toluene in the hguid LB medium wheress others did not. It was cbserved that lag penods and spearlic growth rales of DJ-4 balch
vigl culiures were prolonged and decreased, respectively, by phenol, benzerg, toluene, ethylbenzene, p-xylena, perchloroeihylene,
tnchloroethylena, and chloroform at the concentrations between 3.6 and 417.8 mg/l. These changes were found Lo be lnear with
respect to the concentrabions of lhe toxic cormpounds. From the frst-order regression equations, 50% effective concentrabions
(EC50, for concentrations of toxic compounds causing 50% decrease of specihic growth rates and ECAOm, for 50% incrsase of
length of lag penods) were calculated for each compounds. By comparng DJ-4 ECHOs values with Daphnia LCEQ's from a
Iteraiure for benzene, elhylbenzens, toluene, and trchlorcethylene. 1t was concluded that microbial specific growlh rates could be a

new, fasi, and relable parameter for toxicity tests.

Key Words: foxicty test, microorganism, growth curve, specific growth rate, lag period
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54 &3 Ade dA -84 S ok FEhe AF5e #
TE S40] AZAEY AE AR FHd rAE 9FTS 24
3, ARANEZE Selenastrum capricornutum®} T2 FHELU
Pimephales promelas 59 3771 &3] AL, A2
B4 ARE AW 5% HAE GF|AFE FEEER
(50% effective concentration, ECH0)Y} A&E&(mortality) 4]
50% TAZ feste AWELEE09% lethal concentration,
LCSE Ak, FAS453ydAe A 24-96 A7 F
ob olF, Ao, Mysidopsis bahia %), 5E2ASTRE(d,
Daphnic magna 5) 59 AREAASE S40] ¥8E Algd =

Z Az T oujakEAd MY LC0E ZAFTHY), o5 H‘“‘Dﬂfﬂ
ARgste AEFS BT {H oA R A ¥AEERA &
3:_].210 l:.?\‘TA]ﬁ'Itﬂo] 15]7] _]/]EHHL ]‘: z]:i_]
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o 54
A5t o dEdE AR AANes 44 24T 4+ glelo
s Be AL e S48 Qo] s Bk 548 0
5} il S4e) 285 Aze] WA Hael Aok

A HE AYa gl

old £AE A5 vt Awse] 19805 H Hre =

A ZAd BH3A o)EH1 9% Micratox SHEL &gk

‘Q%HI:TI'?_ Vibrio fischeril Photobaclerium phosphoreum)

Fog gt 540 s ERARY Arlg ZAge

24 A B4E dEdle Wylezd, $3ee 50%
=
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H
13 $dEE ¥R EC0Y 248 id 549 AEE
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A5t IeH5) Microtoxt: 3 ohlld] ECR0E +& 4 4
of 2 AREe] Fab HElE 4ol el AEE Vibrio

fischerie A& oA HEEs 74

Aol F4e] Al L Fakse Ho| ofr] wEe] ¢4

29 A5t 43

4
A 4 EE FASY 3499 g 2398 Uy

B odToAE ofd] 7 B48de ggs n4s aFs
A#xFor AAE3 o Axu|hEo| Fgd =2HAUEL o 0]
ATEES AT ’*]Ojﬂf’ﬂ oAl Fgg HIA=R 2ALE
o, 7 #HIE EZF Y el Daphnins AEFo2 A}
4 o g Aslal HIF’?"E‘_E*‘] o] Wle] AFa M
gt RS sAAEge] g 4 fles] #Addaa a4, v
ABE AAEnrt 84 AEEe FAAEALSEA dele] 45
8 mol a3 Axg Akitegn Fuvbd AE w4 B4
Agleld aFele 2A55ile cycle)$E UEAL S glen
E Microtox 2394 BAYL ¢+ A= LFE Fasd
91, T2 =d=g4e HlEe] e A7 W s4EAE o
& Qlops s Adan FH% o) aldtn FdHrt

Az 3w

A a7 ‘”“}&1 &, 45, GAE 2 AeAE2e sludge
FoERY 294 31 $9 vAES dANSa B5F4e
Ane dTEFH dsdfon(Table 1), ol 5 LB

Aol A (Bacto trypton 10g/L, Bacto veast extract 5g/L,
Na(l 10g/L) wlckalsdch dl3kA] 2218 43 mL 24 wal
(Tisher Scientific}s AH&3tAZ, 7] 10mLe] LBWAIZ #

Korean [ Biotechnol Bioeng., Vol 13, No. 5

Table 1 Microorgamsms isolated from dilferent sites in
Korea and concentralions of chloroform, methylene chlonde
and toluene [or complete inhibition of cell growth.

Growth Inhibition Cone. (mp/L)

Strain No. Source

CHCl  CHXlL  Toluene
] Malidong river >8 353 >3860  >4959
2 Pochun >80 >3860 499
3 Nalkdong river B35 >38.0 2975
4 Youngsan river 6684  >»380.0 2975
3] Nalkdong nver >835  >380  >4959
5] Youngsan nver  >8335  >3860  >4959
7 Nakdong niver >835 X380 »4959
8 Youngsan river  >8355 »3860  >4959
9 Youngsan rniver  >»8355  »3860  »4959
10 Han river >835 >3O0 >49:9
11 Han river >83x5 23860 4959
12 Waste walter >8355 2380 >49%9
3 Waste water »>8335 >38.0  >4959
14 Waste water >8355 »3860 >4959
15 Waste water »835 »3860  >4959
16 Sludge >8355  »3860 >4950
17 Shudge >83B5H 23O 4000
18 Shudge >335 >3O0 4059
19 Sludge >g3h5 >3O >4%B9
20 Shudge >835  >3860 4959
21 Nalidong river >B83H5 »380 4859
22 Han rver >B3h5  »3BE0 4969
3 Pochun >R¥5  >»3860 >4950
24 Makdong river 8355  »38.0 3% 7
25 Han river >83b5  >3860  >4955
26 Han nver >83h5  »3E60 >4959
27 Han river >835  >3860 >4859
28 Makdong niver >8355 »3860  >4859
2 Nakdong miver >8365 =380  >495.9
30 Youngsan river  >8305 3860 >4959
3l Youngsan river  >83b5  >3860  >4959

FatHth T3 #E Alle -30Td A 299 glyceral(15%,
v/v) stock eullured AMEEEE HAF Fole vialg Teflond
2 FET glicone septume] H-25 screw cap(f‘]shel Scie-
ntfic) 22 DEES vigll2 $Y9€E #3290 3de} 24
AdE GEE Syt 7 ZFe %C’ﬂ bR vialle
head spacec] EAlste F712 FEa2 IFEAL sk
B 0TE wAsHRT 250 mpme] A {H 75]9’}\13]- (HK-5125C
shaking meubator, F=E%7]7]).
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tsunoene  Chemicals), methylene chloride(Showa Chenucals),
chlorolorm{Acros  Crgamics)S  Tefon  septum®  E8he]
gas-light-syringe(Hamilton) 2 ¢ ate] Al |43 H2
5571 2 2 4950, 3860, 8355 mg/l o3¢ 7 S5t 5
RE B & gkt @A Aol AME dWoeldA g 2 22
o TR b Ee o|AES AETEE AFsEn.

TollAd AR SAUEEEL phenold

RS FeAe]

Aztze
@ VOC(valatile organic compounds)Ee] X
2 Teflono® 55 vialg WGgE7|2 AMae] §)dx) F3
of ¥gt AdE HET FEeE walllz £9% 22EL 9
M) head spaced 7oz Puldkd dod AxoAE
o AR dale] HEE Fe FEe ‘j—‘!%hﬂgl FEolng
vialll2 F98 32 Fyoz¥d A6l Henryidr
(King o8] 93 Henryibsr (Ku’\'; Aask i Table 2)

o 4o2¥E iy I T

\

Tabie 2 Hemrv's constants ol orgamc compounds used in
this siudy

Compounds LogKy(L atm/zmele)® Ky (dimensionless}
Phencl -3.29 164 % 107
Benzene 0.74 0.22
Toluene 0.83 026

Ethylbenzene 0.50 0.32

p-Xylene 0.84 0.28
Perchloroethylens 144 1.11
Tnchloroethvlene 1.03 0.43

Chlaroform 1.19 013

Methylene chlonde 041 (138

* Henry's constanls, K, were obtained from Lhe reference 7.

Kir' = Ki/RT {1)

W, Ku' ¢ modified Henry's constant (= Co/Ci dimensionless)
Kir . Henry’'s canstant (L. atm/e-mole)
Cy ' concentration in the gas phase (headspace) (mg/L)
Ci . concenlrahion 1 the hguid phase (culture broth)
{mg/L)
R : gas constant (0082067 L-atm/g-mole-K)
T  temperature (K)

FHLdERY 54 AxgF §]-v-”H YA rEHrldd
M2l vl A& S specilic growlh rale)?t Z4ds Fxe 58
g A7) (lag phase)?t AAEE AT EE sebay
o} HgaE R 248 A MEEY viald dar d)eEe
2 FFEE §00nmelA £738 S(Smart Plus 3255, 9$7171)
A71st4th o|& dele] $4x09 walg Erz wjgilon)
7+ vialW 2] WA dYsA &7 Hdle] A selaanz
o437k seed culture & tf3217])9] alokel & 0.1%(v/v) HA
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vialol BEgoEH 2 VialQ] 27 TAEEN dA8A H=
= g9t 54 &3 Ay e TegE £4 F
phenol{Showa Chemicals), benzene{Matsunoene Chernicals),
toluene, ethylbenzene{Junsel Chemucals), p~xvlene{Junsei Ch-
emicals), perchloroethylene(Showa Chenucals), trichloroethylene
{Showa Chemicals), chloroform& AHESI9em] zizhe] w7
W sEx 36-4178 mg/le] HEE 15T, 4 27 A

TR AEIAE WY ATTUIG Wy3ses

off 8} Zo] Hbele, trFAz|e) x=gE 3-9 A9 2AAS
Uz ARG Adr|s A& Fe] WAEs] gsA b
fof AT Hoany ez AA4gch

Speaific growth rate, 1 {hr') = In(xy (-t (2

o, % %2 - cell concentration {zbsorbance al 600 nm)

t, 12 © culture age (hr)

50% TR SE(ECHD)

WA 4 5AeRe] BnEE dojd DJ-4 dgAsEnE
& Feontrol, SAEDe] HrHA e A9 vdFEs
2 Agtde = ARET Fdse] A wdFERs w5
g FA4E o) o] Aazye AiE AAETIL
50957t e m4EH Al FeE ECS0EN dalstym. 2t
=49 BEC30,& dlwsle 4id S Axg dAsgh o
& AR iz AdrE E4Sde g diRlds &
e Adr|E e Aldbe geERe B9l s e &
Q71258 dizTe Ad7)st 30% deEs EAE8Y FR
2 739 o|F BCR,E Heldhsch

Ay Ao uE

ANEAFFe M-

Table 19 317k 0|42 F, strain 3, 4, 24 9]
chloroform} toluenes] EAA A7to] AzFa] Folggl o
methylene chlonde? A$sls 386 me/ll) LML 2E

Tt Aastan. Adde] AxE ] #F F, 438 44
AlZ] chloroform® toluene] =7 Z+2F 6684, 2975 me/LE
A dtE ez 7 Y2 sirain no. 48 DJ-4E WHE T
d7e AuFFER AFsH o8 37w uFe s o2
#HEEA2 chloroform¥ teluenest thal 7o) AATozH
o TR fAEL dE) FEHD AE AFE S,
HAET)E Rk il

FE28 7 %03 FUT S4 S o
v A ENE (" e ARz

o4 APl st o4E @ B

FI‘*I

EMZEH EXM DJ-42 dE3AE
S4EHe] DJ-49 gAlatgel ofwg J3kg v =R g}
H7] #3td, ©A phenel, henzene, toluene, ethylbenzene, p-

%vlene, perchloroethylene, trichloroethylene, chloroforme] %
e uA g 9F5E viald bRt Sl dEte DJ-49] 4%



Fa(growth curve)2 A4 2 A }. 4870
of ZTEYRE v Pz gu)se] =
of e 7 2 2 5 oARE A CH"L’EBW Agre] A4
B hFEA7|AY wgdREz e agd £ ogdld.
ol £(Figure 1), chloroform 4178 me/Le] wi=je] Zah=

29| DJ-42] AH71E & 9472z A, o3& chioreforme]
WY EZFHA F2 R 90 45 A o] 2aby

o HEFAAA Y NS F4% Tad) ob7]do]
chlorolorm 4178 mg/Ld A4 Bldzaleni= (531 rlaa
dEwe MARRE 104 br'd oF 120] FAGAN. ZET
o e E4E 23] A5t T ALEY BEsEd B
Baxe) BATE 7450 Wl douk Figure 194 B

dlg} 7he|

1] %
ARAEEL f#ad SATL2A fAEdY E48 Fe AT
Hel Y + 958 Hlssin.
15—

CF = Chloroform {mg/L}

& CFe3s
[

2 1t v CF2507
5

5 7
5

2 Control—___

S 05F

T

[

Culture Timie (hr)

Figure 1. Growth retardation of stran DJ-4 by chloroform
added to the LB medium.

S8 =8e Lo} @) oj3l= Hak

TFigure 1914 chloroform®l ®%71 =7hge] ulgl =477
SEEAEE o2 d Hgd o2 Ty B dEHE B
detA EEEHFigure 2). SAEFo] Fibe iAol A

FE A5 A9Y] d3E dRen goaAd Aggss] st
af 7 AA7NAIZHE dzge Ad 7](151 ) Ayralale]
(lagielagema ¥ 100%) SASHE o] 1 72a Heke =4

== =
E2Y FrEd gl 2d=e|s]on (lgure 3, Azl=Rd
os) Fad 2z Moz ~‘”rE'l FENTlaggua8umm X
100269 gl 50%7F S ¥ES BCHnE Raut
Table 3ol4 BT whek Zo] perchlorosthylene® p—xylenes]
ECEDu 7t 21 st o[ Edol A¢dr[e] dabo nAE o
o) 7% AST chloroform T 9ise WEoh dydes
7 cksbge

AEAE o9 @A AL @ BiE gsdez S5

Jak

Feta el doluA gE A9 puEe feEs
FeeAs] wa, 2 #Ezde v A3 Ede 8,
FEAAEA Y A% Tk ol Fitinoculum)e AE B o
2 7PE B 4 9o AAe] 37A A Ll o]2 S8
9% dH YA (expressed phenotyper 2 AT A ] HEs)
LET o)E g Al7ke] ARG Adrgn & £ gl
0 SAEAS 44FHER2 AR9L v RAriy Zx=
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0 100 200 300 400 500

Concentration (mg/L)

Figure 2. Prolongation of lag perieds of DJ-4 vial batch
cultures by the toxic effecls ol various erganic pollutants
added mio the medium. TCE. trichlorcethylene, PCE: perch-
lorcethylene.
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Figure 3. Linear regression of relative lag penods with re-
specl fo concentrations of toxic compounds. TCE: trichloro-
ethylene, PCE: perchlorgethylene.

Table 3. Concentrations of hazardous organic compounds at
which specific growth rates of DJ4 were 50% decreased
(EC50n) and lag periods were 50% increased{EC50g).

Compounds EC50i (mg/L) LEC30, (mg/L)
Fhenal 2708 4528
Benzene 2861 1197
Toluene 1776 1244
Ethylbenzens 1617 93.1
- Xylene 047 2.8
Perchloroethylens 287 44
Trichloroethylene 2797 1535
Chloroform 421.0 127 9
Melhylene chlor:de 23860 2386.0
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Figure 4 Specific growth rates of slrain DJ-4 in exponential phases in the presence ol phenol (a), benzene (bl toluene (),

ethylbenzene (d), p-xvlene (), perchlorcethylene (f), trichloroethylene (g), and chloroform (h) at various concentrations.
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Figure 5 Reduction of specific growth rates of stramn D]J-4
by toxic compounds Solid Imes represent linear regressions

af specific growth rates ralculated from data in the Figure 4.
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