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Abstract - This research investigated experimentally on the population growth in the
aquatic microcosm with the wastewater of plating factory. The purpose of this study
was to evaluate the effect of culture conditions of the characteristic growth pattern of
the examined species. Population of the system is consists of three organisms; Chlorel-
la vulgaris as a producer, Cyclidium glaucoma as a consumer and Pseudomonas putida
as a decomposer. The different growth patterns of each population are followed by sur-
factant type; Especially C. glaucoma was sensitive, Ch. vulgaris was maintained popu-
lation size stably even at high level of surfactant and P. putida was not significantly
affected. After treatment of waste water from plating factory, it began to be affected at
1.0% solution treatment to Ch. vulgaris which the cell number was decreased promi-
nently after 2 days, and C. glaucoma was disappeared at 2.5% solution treatment. P.
putida was showed increasing pattern according to treatment concentration, at 2.5%
solution and population size grew double. The result from current microcosm study
indicates that this model system can be applied to environmental assessment method
for various pollutants.
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H7hE o]83le] ECs, LCr oz ez gl
(APHA 1992). Z72u} 2l QelAE A2H T4 247}
RARAL, AenlA}, B Atz FAAE o] 9l o™ (Odum 1971),
AEZ2 A wet ekt 533 ke dEhd
=2 (Margalef 1969) 574 AEF o\t TdFL o83
Ao ze 37 AT FRAEA H EF
Fal7] wgol) oo tHE Aoz GFMEAE
ol&3 FPar} ¢} Hill and Weigert 1980; Abrams et
al. 1994; Forster et al. 1995). & AAANefA 2] oJ3FS
HAsted A 8% 249 VA EEe &
A AET Aaae-s 23T GFAEAE o 4T
Hrizb 2o8d 1 AW d}E microcosmE £
4~ )} Matthews et al. 1996).

Microcosm2 A" A 27 SloA] MAF ==

AL SAE710A N 2D geAzN 4w
At At e-S AF3 4 g)lE systemo|t} (Kurihara 1978;
Jilags3E — AL 1987). Microcosm<= &1A1S 4 17, 7—}
Z2] MALL] AEe] itz AFATA ] &
EAS ZrZo]of Foh(HF 1994). = wd 2 A9 }\EFH
Ag o) 72 A% old A LA eAEY el
2 43S HUH(EARER 5 1994 iﬁﬁ‘.’?qi 1994,
1995)8 o2 A X}"C‘*Bﬂ]ﬁﬂ"ﬂ A3t R wE = A
Tx d&sla Yrig 4 ok

2 Age] A123% flask 722 microcosm-S 3} o]
W} ¥ o] Z&A8}: bacteria, algae, protozoa 50
TR 7R #ARD Az 97)d =5 FH4E
FEEE Ariste 7 AT FwsE 2AteR
A A QAL 29 A (model system)E ] &3}od
eqeAe) e FAAY 4 db st Wyos A
A&z}t 8kl o)

LR

1. Microcosm®?] F+A%

Microcosm®] F+AE-2 AR algae, A1) A}Q] pro-
tozoa, ®-a A}Ql bacteria® o] Fo]Hled o|E F2
3, 9 SeIA WA 44 BohE 4 A EFE
olc} Uk¥FS} EiE 1991; BRiESl 1L 1979). 2 59
A AR 74 B & AEste] T 2T
2 ikt Ad b s FrAdezA <A d mi-
crocosmE X8t AAFE shtE A (HAF
1995). A7k 271e] g7l A wi g F&

Algae (Producer): Chlorella vulgaris

|

Protozoa (Consumer): Cyclidium glaucoma

Table 1. Composition: of Taub’s basal nutrient salt medi-

. um C . .
Stock Solution -  Composition Amount (g I".D.W)
A Soln. MgS0, - TH,0 24.65
B Soln. KH;PO, ..13.60
NaOH 2.80
C Soln. CaCls - 2H30 14.70
D Soln. NaCl 5.84
E Soln.. FeSO, - TH20 24.90
' Na;EDTA 13.60
F Soln. H3;BO; 1.85
ZnS0, - TH,0 0.28
MnCl; - 4H2O © 198
NazMOO4 2H20 0.02
CuS0s - 5H:0 .. 0.05
Co (NO3)2 6H20 0.29

f
[

Table 2. Composition of TP 50 medium

Stock Solution L Amount (ml "1 D.W)
' A 1
B ‘1
c 20
D 30
E 0.125
F 0.5
Polypeptone 50 mg-F1

pH 7.0

Bacteria (Decomposer): Pseudomonas pu‘tidd

2 o]2o0}2 3% microcosm systemo]t}. _

2. Wz F wkzA

Microcosm2 wjeksl7] ]38 WA 2= Taub®] 7]%°3
okoduf x| (Table 1)¢l polypeptone 50 mg {18 7|3t
TP 50ul 2] (Table 2)& Al£-3}ed 300ml AbzFEZ el =0l
wjokol S 200 mlE W31 121°ColA] 1587 =H33}o]
Arg-shd ol kA wh kgt microcosm 5mlE ] A2
& iAol AFse WA ew 30d Ao A wiF
393} Microcosm vl oFz7-2 25°C, 2,800 luxe] 2=
12717} light/12A1 7} dark & §-X]3}e] vl oF3s}odch

3. Microcosm W 7+ A+ A= by

)

vjeksl . Q)= microcosm®] A|EE oF 2~3mlE A
ol F3te] 2532 of 1027 A & W giee]
10-1, 10-2, 10-3, 104, 10-5, 10-¢uf = 3 A3 F 7} 7|4
7z gest e dbfez NALE A8

=

&
st

1) Chlorella vulgaris
10-1) 2 A E A8 1mle 3 3}le] hemacytometer
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Table 3. Composition of PY medium

Composition Amount (g -! D.W)
Polypeptone 5.0
NaCl 4.0
Yeast Extract 3.0
Agar 20

E o]&38le] Ch. vulgaris9] NALE 2A3G NA
4= No.ml'2 vehigle.

2) Cyclidium glaucoma
Microcosm Al 22| fdelv} 10-0]2 MY Aag
1ml #3}ed Sedwick-Rafer Counting Chamber (NO.
2515C; # 1.0 mm)3 o] L3l A4S 2H3lg o
AR5 No.mlt2 b gieh

3) Pseudomonas putida

1073, 1074, 10°5, 106 = 3)A1%) A|& 1mlS Petridi-
shell #3E1%E, 7)o PYH|X] (Table 3)3 11 30°Coll A
547k wjckstel HAH colonyd Mol ASE 23}
At

4. =7

&,

A
T

Age 289 =FFer BFFYA] A e
E=F 3ANA AF st AT =5 #H4ee] A4
& 2ARP] 98 FE4F At 2HE AR =
9 4$E 0.5, 1.0, 2.5% == Z microcosmel] H7}s}e]
©}. 2 7}2) 7] microcosmeo] Al wjeF X systemeo] 9F
ANz Ho=r 25A 2 e =7 H Hot F,
2, 4,7, 14, 21, 289"o] =Zojdrt =Wz Hw
microcosmA| &8 3l Ao Z+ AL FeEE
ZABI .

23 8

dpdoz =3 et Ate wIRY 2, Fo, o}
d 59 FF4E5] x3Fe] dxd B A A8
Z=F9 9] o] 38t AJALE Table 49} 7ot

=394 J CN2 429mgl-), £74< Cre 2,234.8
mg !, Zno] 521.3mglL, Cux 3.1mgl-leo|gleom =F
#H429] microcosmY] -z 0.5, 1.0, 2.5%= 3 A
sled A2 sl

HH (1995)> microcosmWj o] Z+zt FA4] £ F4]
EAE AR 98 45 ekt 2% E3ekE A
st} 1 A3} 2% wekoll A Ch. vuigarisE TP50

Table 4. The result of Physico-chemical analysis of plat-
ing wastewater
Unit
Item

Cr Cu Zn CN

mg L-! 2,234.8 3.1 521.3 42.9

RAS) AED F 397 BF APE VAT T 24
EAE& ¥y Ch. vulgaris®] 7] WA$ U= 17X
105 cells ml-10]¢] 77 4Y A= 9.8 x 105 cells ml-17}%] 2
213}l 1445 = 1.5 X 10%cells ml?, 35U A= 2.9 x 108
cells mI 2 Jeh} X&Hql F7l F4E BelEd o
+ 3%4 microcosm W& Ch. vulgaris®] A& A3}
AR k& JERITh P.oputide®] F4 542 P
putida& TP50 wiA]ell AFd F 3547 T wFS
A8 A3} P putidad) 27) AL Ux= 3.0x10°
cells ml-10]g] 7 2UR = 2.5 X 108 cells ml-17}R] wik=A)
2218l 74A = 3.0x 108 cells ml-12. JEGT 2
F2r oo XEoz U AsHos Pasil %5
A= 41X 105cells ml-t2 A3l v|PyB A F
A& vehld.

v ofe o] §- F-Eo] o]FoIA|X] ¢+ batch culture
ol 4] microcosmy] 2] P. putida®} Ch. vulgaris’= poly-
peptoned 7|82 st FA3ht 7Aoo A% F
ol 7 wlA e 43 zge] A FHd A #
& Aoz W microcosmy 7zt FTAEe EF wo}
< AN} Ch. vulgaris®) P. putida®] 2% E3H9)
kol A P. putide 7] RA14 W= 3.0 x 103 cells ml-?
ol o} 2UA = 2.8x108cells ml-l2 2 Zog =y}
S} 1 F= 4P ER A ASHA A4S B
9gom 359 7.1 105¢cells ml-12 ey},

Ch. vulgaris®] &7] /WA W=+ 1.7 X 105cells ml1-!
o]%la1, 4d = x| &K o2 Z7}8led 1.6 X 106 cells ml-!
2 HY3, 1 % 1498= 4.3x108cells ml-L, 35U R =
7.7% 108 cells ml-12 4] TZujofe Ao AR 2
H3E Bolx] 9ttt P. putida®} C. glaucoma?] 2%
& okl M= P. putida$} C. glaucomas TP50 vl X
ANA & Wikt A} P putidad] 7] A4 D2
3.0x 108 cells ml-12 e}t er} polypeptoneed 2]3)
ZA15ted 295 1.8 %X 106cells ml-17}x] FA3) =243}
A3, 4Y A= 2.4 X 105 cells ml-17}A] ;A3 o} 745
= 4.5x10%cells ml'2 9= woF Asjo v|s} FAHT
F4aE BAS O F SEEA 3Haste 35UAE 1.9
x 105 cells ml-1& ebde}. C. glaucoma= 27] 7§A 5
Ux 50cells ml-lo]gl3 A &Aooz Zr)dle] 49 =
ol&= 7.7x103cells mllof] =23 F 7dA= 1.7%x103
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Fig. 1. Growth patterns of each population in the micro-
cosm.

cells ml-12 7}A3stedch 21d#:= 8.2x 102 cells ml-L,
35958 = 1.8cells ml-12 Yeh} C. glaucoma?l o]
82 P. putida®) WA D=7} Wsle] P. putidas} C.
glaucoma®} EF Wil AE Hols} EARFS HA7}
s|feiA e Aoz Mow, P putida®) A7 FAL
C. glaucoma®) Z71s} A=} rase AkE Je}
Wl

Fig. 1 microcosmy] FA] £} = wjo}s} 23 &
& ouieF do] FA EAY ZAE =diz 299 3%4
microcosm®] AFH<e NAF AR FHe= A W)
& et 5493 A FAE Vepl sl Ch. vulgaris
T ik 3 27 447 FAT F4 0] o] Feizn
2 olxz = AAS$rt 0.7~1.0x 107 cells ml-12] HY
el A I AASLE FAEAT YPFEL C
glaucoma?] NA$E 2dAE 7] HF o} vag
o A 47} 2k Z25)Eicr 49 A= 3,200 cells ml-?
2 43 9o, sk T9A7HAE 4,550 cells
miiz A&Hos ZrbEE A Belo} 2FAR
B 1,750 cells mi-12 MA)3] hashe S ey
K. P. putida®] ¢ AAFE 294 1.3x 107 cells
ml2 FAHT F7HE Hal F 4dAREH A 2ej=
T AE vepligicet wick 25RRE 2 AAZ Y
A7t A H%E £E202 FAHE AL & £ 9
&4 °l& microcosmo] A7l FHAE AVlz &
4 A

Microcosm'jol] =3 #4858 z¥E3z Hrlsle 2z
N2 & AR A Ch. vulgarise =F J$
0.5% A=) T (Fig. 2)o A& A wiof 7]+ Fot H=T
s} A HARE AASE vE oY 1.0% AT
(Fig. 3ol A7l 2dA 2+ 7.5 % 108 cells ml-19))

Plating waste water 0.5%

1P -
Ch. vulgaris
10 D) O=0——r O 0
L P, putida
g 100 i
=
5=
¢ ¢
L0
£
2 16 C. glaucoma
® E \D\F:H‘—:ﬂ
QO 1®
10
100 + T T T -

Days

Fig. 2. Growth patterns of each population in the micro-
cosm with the treatment of plating wastewater 0.5
%. (solid symbol: control; open symbol: plating
wastewater treated).

Plating waste water 1.0%
108 -

Ch. vuigaris

107 — : : :
P. putida
100 - I s

10¢ ¥

10% { ; ; C.glaucoma
102 .|

100 T - T T ——

0 5 10 15 20 25 30 35 40 45

Cell Number (N/ml)

Days

Fig. 8. Growth patterns of each population in the micro-
cosm with the treatment of plating wastewater
1.0%. (solid symbol: control; open symbol: plating
wastewater treated).

B3l 6.3 X 106 cells ml-1& 1.2 X 106 cells m1-12] 7| A4
A% Bol7] AlAstga 289/ 7HA] 2Fue) B
AASE terhelch

2.5% 2] F(Fig. 4)94x 295 5.3 x 108 cells ml!
0]l 28U A= 4.8 x 106 cells ml-12 vieht oz T
vls Aok 717 Fob FAashe S e

C. glaucomas= =F #H4 M7l & 24A =+ 7HA)
4 1,500 cells ml1= veld ¥l 4 0.5% 22+
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Plating waste water 2.5%

108 -
Ch. vuigaris

107 - ! -
—
= |
£ 10 P. putida
=
Z o 8 A i D
bl
[O]
'g 10 Y
3
E 10° C. glaucoma
o -m
o

102

10*

100 T T T T

0 5 10 15 20 25 30 35 40 45

Days

Fig. 4. Growth patterns of each population in the micro-
cosm with the treatment of plating wastewater 2.5
%. (solid symbol: control; open symbol: plating wa-
stewater treated).

A& 725cells mltg2 W 2T ¢ 12 5502 FAh
shodont 28Rl = AT 250cells mle} 2] f-AHSH
Z239) 200 cells ml-1-2 ¥ gth =2 4 1.0% iqaw—
dlA 2,4, 7dA N C. glaucomas] =T WA 5
L 1,500 cells ml-1, 975 cells ml-1, 775 cells ml- 1= L}E}
Wet 1.0% M2l el e 2,4, 794 AAs et 4
7} 225, 175, 150 cells mi-12 veht} )z uvls) £
Foz Zh4gt F 14GARE Lol MAE] 35
7] Azt 28UA = 2T} FARE S FAIE
‘Ri‘:} o]+ microcosme] A7} Z7|o] R {UF
£ 5 A% el gaolel A wAEd 59 9P
o2 Qe C. glaucomad] WA 47} 7348l o} 14
A o|F A7 o Ax of wd A o3| A-g3}
7] AR kA 7le] =RElHA A7t o= AE S5
3 oS ¥Fy Qe 28y =F H4 2.5% o4
A2) Fol| M= C glaucoma?) AAS=7} 54 H7) 294
2E] 4 WollA] AFEE o] microcosmW e C. glaucoma
7t A7 g s Eo =9d o vehgdh
P. putida’= Ch. vulgaris$} C. glaucoma$}= 2] 2
A 2F7) 2.0 X 105 cells ml-1& Jepd g o} 0.5%
A Foll M= 5.2x%105cells ml-12 eht HzTFel H)
3 of 2w oAk} FAlE dEPSiTh 1.0% X
46%10° cells ml 12 7HA 42 ¥AT 25% HeF=
3.6x105¢cells ml 2 velydcl =7 #H 4 H7b 2894
= Y27 MA <47} 1.5 X105 cells ml-1, 0.5% 2= F- 2.5
%X 105 cells ml-1, 1.0% ] 2] 7 3.0 x 105 cells ml-12] Z=2]
& Jdehdon] 25% A2 FE= 3.3x105cells ml-12 1}

) 2340 T4E A5E e
e QFoR olF TN wEH=
& 22 FMEA U 53] =F dgel nyAe

29 BA-L A zZEE v|RE
T2, =g, YA, ofd §9 FFEER CdH, In*Y,
Cu?+ % Cr$+%9] %7} 10,000 ppm o]AFo 2 B sl
v} ¢lt}(Cho et al. 1995; Neubecker and Allen 1983).
Crovst Al SRS AFH ER2A ARA] 517
= 28" AX QA U AejA o) = odgks uA
o} Mearns 5(1976)& =88] A4 oeh g3l =%
% WA 2goz el 54E 24397 Mangi
(1978), Bookhout (1982)#} Van der Putte (1982)%= ™ o]
dsfol e 4B AN FAEAE LS b=
o o 4AE 34 58 Yoy audAee
717 AAD) Adel 299 NP DY 35
5 oAt} (Bert and Ulmer 1972). 1950 0t] £
slbslaiel ) AR §7] 2ol da vz
slefow Q3 Itai-Ttaid-e e BlEaq Fay
oo, o]z <lal welat Q% sl oD 2 A
% a4 T30l AT A4l 2 32ks5) A5e)
9t} (Hammond and Beliles 1980). 7} =8, =2, o}4d,
U 5o AkiAe A del BzA 254 A2
P5A Aol 2T B ople} elH Azt
kA R, a3 AEY 29 B R A4
7oz £ AR 2Aes 2T 5 5 A

o M3 cdgpe] Tk oW FFES Abglel WY
o met FENNA B Fom A A9 BRE
o AEEel W) 54 Bz Aedch wa A

slelrle 7ol M=o} A 2eloz HFgshe 5
Siol el g2 B slow) ol WAL -

3 Wbl Ta7t deRTE A1EA oA 28 =
2 A Ho AxdAz 45 B4
Ag] "8Are] WHEE § A 719 Bert and Ulmer 1972;
Welch and Suhan 1985; Cousins and Lee-Ambrose
1992). w71 &3 A &= W23 FIFLHE BF
2 AgrE LTI 5 AHA 2 AIE F7HA
713 @)} (Leonard et al. 1981; Leonard and Lauwery
1980; Warren et al. 1981; Stokinger 1981; Bollag and
Barabasz 1979).

gebd ol BAel $UHT AdAE she) 9
sz TS 37} wyo) Bals] Bestim 2o o
of whel ¥ A2 AR}, EajAh, vtz A" A
QA AP 2A8tA A LA717] A5 Aol A

oo oo 4
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234 AelA=z FAE microcom$ o] L35t = |

£ H7Eskeh 2 23} microcosmeo] AE A EA o]
Se8la, A" ulA YA AT 5 9lo]
4 @ ou| o] HE M2 SAES o w

AeAE H7isl7] 93 FJrpfes F2 AgEHE
ojgshd &4 Hrpge AFHQ YA A=y
£ folateh ey dx 243 3
32 gte 2 € QAtete] B3 mI) =
ol 9t 715 &3t wEel A4S Vel 5 ¢
7} Wt ool we} o]Blstd EYAEE ARH o
Fated AejA el g Fotd e no
v} & key factort} trigger factore} 722 A=A 2] A
S fHe] e ARAER Folv QA 22 7179
9 #AE Hrlelof ek =£q YB& o g3le] WA
E Yrlsle= wio 2 AExEBE o]43F wrplye] g}
oub 299l g+ meh} 2R AhE B
shedle WA4e] Aok meb AHAE shie) che)
2 3k 7} whyol Bashe

ool ahe} & AW AL, oA, 4N B2 FHH
microcosm ©]-8-3te] W mAQ AldH 4l =FER H)
Sl AR S4E Frhelge 2 A =2 A4 o
shabd AR ZE 2,234.8mgl-l, 78] 3.1mgll, ofel
S U
429 mg o]l £F #H4E H %8 E microcosm Y
o A7 F 2 ANZEe 4 WE 24 A9
Ch. vulgarist BE AHE|FAM dzTrgd ZHihsi=
7Agke el P putida’s= 2T u)3) Z7}3}

o, C. glaucomas %7} Z7}5tol uwha} 7|47}
Zrashr] Altalelond, 25% ol ge] el oA BE
WA AbEsleich,

= A7 A% Ao AERA z2A%N T
microcosmo] AE zHAJe] vlwA & 3
vla AHAE AT 5 o] Al #HS 2 o)
B Aze SN} o Aol 5T A
2o

(o]
L
A
<
ot
=l
o

o) ¥ELS [FHENITARL o] (KRF-1999-

037-DA0033)o] 2J5te] 4= gl<rrich.
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