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ABSTRACT

Spirulina sp. which is one of commercially important interest alga with
Chlorella sp. and Dunaliella sp. has been produced in the form of pills and
spray-dried powder approximately 3000 tons per year in the world. Though
Spirulina sp. cultivated in several sites so far, many places have ceased its
production owing to high cost of production, so Spirulina sp. is, today,
produced in only few countries. The reason for the high cost of production is
because of the Zarrouk’s medium generally used for cultivating Spirulina sp.
which contains a tremendous amount of carbon, nitrogen and phosphorus
compounds resulting in the high cost of production, compared to other
mediums such as Allen’s medium, Bold's Basal Medium, Blue Green
Medium-11, F/2 medium for cultivating other microalgae such as Chlorella

sp., Haematococcus sp., Scenedesmiuis sp.

This study was conducted with applying shells and soil to improve
efficiency and economic feasibility of spirulina production. Both materials
went through chemical treatments in their separate ways, which were the
alkali treatment with 0.1 M sodium hydroxide for shells and the acid
treatment with 10% hydrogen peroxide for soil. The by-products from these
treatment on materials;, shells and soil extract, were used in this study.
Finally, the shells extract was used as a solvent for the medium and the soil
extract was used as metal solution to substitute for that of Zarrouk's

medium.

As a result, not only was there much differences in the biomass, yield of
chlorophyll-a, C-PC and biochemical compositions between the control group
and the experiment group but also it showed 15% cost reduction from

Zarrouk’s medium. Additionally, two things which that the amount of the



carbon content had an effect on the growth of spirulina sp. rather than
production of chlorophyll-a and C-phycocyanin and that Spirulina sp. was
able to produce chlorophyll-a and C-phycocyanin even without molybdenum

(Mo) and copper (Cu) were also shown in this study.
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TH BRgoZ nti(Spiral)’gtE grElojd A FHs FHE A= 20 E

2 Y (Spirulina)x= 9% 7 (Class Cyanophyceae), 44 H(Order Nostocales),

5% H(Family Oscillatoria), =3 &#1 £ (Genus Spirulina)oll 3k AR
ol thAEA Ao R ofdr, I Ao ndR Fdze SAA A2
st AbAA) 33 A Eolth(Hong and Lee, 1993).

¥ E2 v v e (vitamin Bpe, B-carotene), ©H¥ A (60—70%), & 3 3} WAk
¢l gamma-linolenic acid(GLA)S Ut $Hf-3Fa1 A o}4FE (zeaxanthin), 3 I A]o}
d(phycocyanin), ©}o]Z4 I4HEF (myxoxanthophyl) 53 #2 A A4

I Qo] AAAE, dAESA, AFHIE, AR AF TLE o|&HA U=
A ZFE, doF 58 2271 dHZ dAA-deR A oF 33 =] AdA L
2 AAkE a1 ¢)tH(Vonshak and Richmond, 1988; Kim et al., 2006). X &7t#] =+
ofg] Ao 2dEZeute] dFAgte] A =HAARE =2 AAnj oz o
BE S 20 3(Vonshak and Richmond, 1988), =2 A3} & A = A] = (Spirulina

o

Mexicana SA), <= (Yunnan Spirin Co., Ltd., Hainan DIC Microalgae Co.,
Ltd.), ®l=r(Siam Algae Co, Ltd.), ¢l%=(Parry Agro Industries Ltd.), Y&
(Nippon Spirulina Co, Ltd.), l¥*(Nan Pao Resins Chemical Co., Ltd, Blue
Continent Co., Ltd, Far East Microalgae Co., Ltd., Tung Hai Chlorella Co.,
Ltd.), olz=gtd(Koor Foods Co. Ltd), 7= (Earthrise Farms, Cyanotech
Corporation) 5, 22 Aot AAE 1 g+ A Ao tH(Kim et al., 2006).

2¥Zeu gl EFEEAR AMEEH
Table D= 3A 3E7F9 3std Al 2bd, 4Z8Ad 18 554034
2) ooz FAE i, a1 FANE FIAYA BAFAUERNaHCO;,
16.8 g/L), 4G EF(NaNOs, 2.5 g/L), A& KHPO,, 05 g/L), H3UEF
(NaCl, 1 g/L), 3425 (KoS04, 1 g/L), Ashut1ul#(MgCly, 02 g/L), 934
(CaCly, 0.04 g/L), 34Ha(FeSOy, 0.01 g/L), Nay - EDTA(0.08 g/L)9} w1l #9212l
FEAr M ew FAE i, olFolA w4 AA 9 & A

= Zarrouk's WJA](Zarrouk, 1966,

facs



3pet & o] oF 89% S A3t} Zarrouk's A7} ©FE WA ZF(Cheatoceros sp.,
Chlorella sp., Dunaliella sp. Haematococcus sp., Scenedesmus sp.)e] 71% %
Sg& iAo AFEE = #]x <l Allen’s medium (Allen and Stanier, 1968),
Bold's Basal Medium (BBM) (Bold, 1949), Blue Green Medium-11 (BG-11)
(Allen and Stanier, 1968), /2 (Guillard and Ryther, 1962)5 ol H|3jA #H]& o]
AL 713 vpeh o] v wiAEY d53s] B Fo v dAA Tga

o]t} (Table 2).
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29 Ey ALY 284 2 AAAS =017 fAsA 1 o S2E ol A
4 ¥4 Ab$(Markou, G., Chatzipavlidis, I. and Georgakakis, D., 2012), &4k
(Alberto Vieira Costa et al., 2004) % 3]4(Marry Leema et al.,, 2010)¢] &
, AF7HA Brefet A7 A8 Hde 2B od AL HEE ARSI A

N

i I
S Qe gl s, A auw AaE AAGYL, BASE BEF A4S o

7)
01 M o FAstHEF ok &7 A7t 29 A5 10% s%=9 #4kst
Faol oF AHA 7 Ao, AAYE AW A4 FEES WA SR,
EY #5523 Zarrouk's WA 9] m A &olo] A ER AR starat sl

P zhe R g ow A AR Fo wet vtadlgd A E ¥
ghetth= ARE 2 (Kotz et al., 2009; o], 1998), A2 #A4< sz& Har 9l
= FEANA ofe} e F& Aho A JheAS AXGAL, FELLTE A

st A Add =84 AsteS @49l mek(e] 3, 1998) F&ds 42

1 H(Fe), 541B), =8/E2d(Mo), 47tHMn), o} (Zn), &
HE(Co) 2 FE(Cu)e Y5 A2 Yol a5 IANELLS} 7 SHAE
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Table 1. Components of Zarrouk's Medium (Zarrouk, C., 1966).

Components Amount (g/L)
NaHCOs; 16.8
K.HPO, 0.5
NaNOs 2.5
K250, 1
NaCl 1
MgSOy - TH20 0.2
CaCl; - 2H20 0.04
FeSO, - TH20O 0.01
Na:EDTA - 2H20 0.08
Trace metal solution (mL/L) v/ 1
Vitamin solution (mL/L) +/ 1

v/ Trace metal solution

Components Amount (g/L)
Na,EDTA - 2H-0 0.8
FeSO, - 7TH-O 0.7
7nS0y - TH0 0.001
MnSOQO;4 - 7TH20 0.002
H3BOs 0.01
Co(NO3)2 - 6H20 0.001
NazMoO;, - 2H-0 0.001
CuSOs - 5H20 0.000005

v/ Vitamin solution

Components Amount (g/L)

Cyanocobalamin

_10_



Table 2. The comparison of medium unit cost between Zarrouk’s medium(a)
and F/2 medium(b).
(a) Zarrouk’s medium (Zarrouk, C., 1966).

Components Cost (won)

NaHCO3 315
KoHPO,4 3
NaNOs 9.975
K2S04 9.75
NaCl 2.1
MgSOy4 + TH20 0.546
CaCl; - 2H.0 0.308
FeSO,4 - TH20 0.03
NaEDTA - 2H.0 3.84

Trace metal solution

Na:EDTA - 2H20 0.0334
FeSO4 - 7TH20 0.0021
ZnS0y - TH20 0.0000049
MnSOy - 7TH20 0.00007
HsBO; 0.0000375
Co(NOs3)2 - 6H20 0.000095
Na:MoO; - 2H20 0.0000925
CuSOs - 5H20 0.00005

Vitamin solution

Cyanocobalamin 0.81

Total o1.75

_11_



(b) F/2 medium (Guillard, R. R. L. and Ryther, J. H. 1962).

Components Cost (won)
NaNOs 0.29925
NaHPO, . H,O 0.01996
Na2S103 - 9H20 0.594

Trace metal solution

FeCls - 6H20 0.0756
Na:EDTA - 2H20 0.20928
CuSO0y4 - 5H20 0.000098
Na>MoOs - ZH20 0.00058275
ZnS0y - TH20 0.0001078
CoClz - 6H20 0.00095
MnCl - 4H:0 0.002376

Vitamin solution

Thiamine HCI 6.6
Biotin 0.107
Cyanocobalamin 0.162

Total 8.07

_12_



Table 3. The Soil chemical property by the national soil monitoring.

Province pH
Kyeong-gi 5.6
Kangwon 5.2
Chung-buk 55
Chung-nam 55
Jeon-buk 5.7
Jeon—nam 5.9
Kyeong-buk 54
Kyeong—-Nam 54
National average 55

Experimental and research report, Agricultural Science and Technology

institute ‘92~'93

_13_



2. A5 R UH
21. #F 2 NFA=R

A dFRE Faa g A 27/ -3 (Korea Marine Microalgae Culture Center,

KMMCO)ell A Egtol  gh=sfjfatstrisdol A widkstar Q= Spirulina
] A&
A AmE ARERE wjzhe] A e dHsrisdd s A= R HA

=
=
24 A HA4SD G A AAES, B S FHAGAL/ A T

maxima Setchell & Gardner (Cy-23, UTEX 2342)& A}-&3}t}. &

r*°

o] AH(N37°289043, E126°832631)oll A1 291 = A} 58k AL&-&F At

2. MiF &7

Ade 20129 2¢€FH o 5719 s A wjFAdA Y APe] B
E JxoE Zarrouk's HIAE, A4y EYS dAEI QPBES ALEEY
Zarrouk's 1A S W& wix = Ao wA 2 AFE3IET) mjekdo] o

29+27C), 9E(13~14 psu, Lutron YK-31SA, Taiwan) 28] o] A|7](7.204

BN

Lo

Klux, TM-205, TENTARS, Taiwan)Z HEg & Ador sl 2=
A8l f18iA] F2AFEAE AFEst AU 255 FASIA L dEe 28
Al NaCl& H7bste] dzast edatA fA8 . F571e o 7Iso= 12

12 = Light : Dark$ a2 w2 37]1(250 cc/min, ZP-40, A3 Z2 Air pump)E

2.3. #9 AAz

Sl HAG0 g/l)Ss ¥l dFd ok EISAHRC)M =EFAY S
0.1 Mo F2taivyefFoz dZgxgE il oS GF/C o #X(Whatman,
Germany)Z o #ZA17l A& wjx]o] w2 ALESATH(AEL, 2). ol e



=
Ho & o wHog ot goals A9 4o wjxe fwj2 AL-83F tH(Fig.
1.). #zte] A= &, "tauls 28 Al A o9

stekS UV/vis  spectrophotometer (Optizen—pop, Korea)?} +#4]7]E(Merck,

L)
o
o
o
Sy
12
)
b
i
_O|L
rlr
mW

>1

Spectroquant®test kit, Germany)& A}-83}o] A =3k}

2.4. EF9 AAT

2 H
il olE 10%°] #Hikstga Bl thA] dFAZE vEEAIX1(10 mg/100 mL)
(Fig. 2., 1 4%94& GF/C oA#AA &2 oAiate] ol& AP nFdh §qo
2 ALESA T mHYEAE FAStE T7HA 3459420 Mn, Cu, Mo, Zn, B, Fe

2 Cool W3 FEEY AHEEALS IFFuEAAFAFA(Korea polymer

rol

ES 50T Al (Digital Drying oven, Do-150) €5 FoF A xA]7]

testing & research Institute, Koptri)oll 2| s}

25. 43 1 (CaCl; B3 43)

ko] dAel A23}E EWE CaCl, 3o WHstE & d3dom mAxHES
Table 49} #t. A& Ta-1ol= CaCly (0.04 g/L)S H71std A& Ta-2
o= ol& HiAlst e, CaClg: A&d Yy A sheEe] e F AP =F
Zarrouk's WA 9] W] &3} FAl AEL 1 L AgZgaddA 219 w9 &
PR AMEFS 39 AR A7 10 mLA 2H wHE AASte] AE

(Biomass), F22%-q(Chl-a) 183 C-3 FZAlo}d(C-PC) dH#HS AHHEFsA
=

2.6. 49 2 (NaHCO; W33 A¥)

Ad 19 435 EUE NaHCOs9 o ¥stsE & AFdo=z ujx] =42



Table 59 #Zt}, 2E AddE CaChsE: AYstd s vz 34stE9o oo

Zarrouk’'s ®jA o] H] &3 FU3} ZF A&t "A7EsE NaHCO39 42 A (0

g/L), B (5 g/L), C (10 g/L) & 1L (10 g/L)olt}. A& D9 4%, NaHCOs
=

o] =&k ZAE Zarrouk's vlA|

1154

oy

o Ade 1 L S0 229 FoF APHR T MEH e 39 tFdow 7}

@

_?l_g
do
o
o

2
ot
ol

ZF 10 mLA 2¥ HbE A A]&e] Biomass, Chl-a 18|31 C-P
At

EGFEES VFda §Ho =2 AMES APgor wjA 24 Table 63 ZTh

F2 Zarrouk's WiX|e] H] &} T

T e FRTFE ARSI 4 AP

of #H7td EYFEE9 42 S-1 1 mL/L), S-2 (56 mL/L), S-3 (10 mL/L),

mL/L)elth Ade 2 L Zehxzoa 259 5
i

0
8L AZee 39 k407 2+ 10 mLA 2¥H ¥HE 2 A& o] Biomass,

Oll
-

H
o
o,
X
il
2
fo
rol
Sl
i
i
o
BN
o,
PN o
e
(il
O

28 AFTHAE (MgHR EY FEEY EF4LA)

A 29k AY 39 AdE EQE AP HT AFPo= wjx] 24 Table 7
o 2ok Agae Ad 29 A¥w C(NaHCOs 10 g/L)ek A3 3¢9 g S-1
(E¥F=E 1 mL/Do= 7450 itk u& =9 ¢ Zarrouk's HIA 9
H &3 ettt tixatd At BF 247 3709 5 L At Eeks A A 269
o AN AMEHS 3¢ tHew ZkZE 20 mLA 3WH wEE A At
Biomass, Chl-a 183l C-PC #-FFe AR (Hd+x+AHA)E HASAH. F
Mo w FAEAY Ve AFomAe of& THeAdS st AnkdE

(Biochemical compositions) #2418 3tk FAEA4-2  SPSS (Statistical
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Package for Social Science. USA) X =2Z13& o]&3to] o]u]x] AR
(two-way ANOVA test)oll 93t AT a7t FIAS AAS AT AdTte x7]

pH+= 10.05, 9+ 134 psu (HORIBA, D-51, Japan)$it}.

2.9. Biomass

Biomass= HdzxzsEo= AFEsded, MIANEE GF/C Feld ol dA=Z o
#shal, o]& 50TelA 24x3 Axe F, 1 ofHAo] HFFA} 27]FA
Apol 2 AlLkak i

2.10. E229-q (Chl-a) ¥F%F 53

Hj A 22 GF/C f8AFo3x 2 o333 15 ml conical tubecl] 90% o} A
E 5 mLs #H7bste] 24A17 W RA $ 0 AAE21(3000 rpm, 20 min)dFA T
A5 e UV/vis spectrophotometer (Optizen—pop, Korea)oll A 625, 647, 664 nm

el M e FFEE LRFE=AR FAS] FFE AFEAT (Moran, 1982,

2.11. C-Phycocyanin (C-PC) &% =3

WA 525 GF/C FaldfoddAZ o33t 15 mL conical tubeol 0.1 M
Sodium Phosphate buffer (add NaNs, pH 7.0) 10 mL& #7}3}e] 24413 Y34 H
o & AAEFE000 rpm, 20 min)dte]l A5 AL UV/vis Spectrophotometer
(Optizen—-pop, Korea)oll Al 562, 620, 652 nm oA E4xZ B4 wA=2

SA4sto] S A=A (A and L. 1973, 2 2).

C-PC = [AB20 — 0.474 X (AB52)] / 5.34 wwevererermsersermssininisiiiniicisiicen, (2 2)

_17_



2.12. Biochemical compositions #4j

ZA W B A9 AE 50 mgS ¥ 15 mL conical tubeo] FZZ¥E I}
HeE &S 122 42 898 3 mL Y3 2532472 g3 & A4

(3000 rpm, 5 min)E 3 A5 NS 50 mL conical tubecl] HE T3t} AZwk o}
2%+ 15 mL conical tubedl] 2253 eSS 212 42 §98 3 mLY
SR 2 F43 T JAELE000 rpm, 5 min)E 3 AT AS o 50
mL conical tubell Ho} ¥tk s MATE B FEE w7bA] o]l & whEd}
o] Algistn} o]H A Rolxl AT He] 50% YR 0.9% NaCle 50 mL conical

tubeoll F7bste] 1AZ7FE RESAIZL 5 oAl 944 Eelste] & w7

P

Llpld (%) i (BF — AF) / S X 100 ........................................................... (Z\_]] 3)
(BF : 3]2A]7]7] & dlo]ld FAl(g), AF : 3&A 7l & nlo]d FA(g), S @ A
Z FA(g)

Zamz Bl H9 ME 05 g, 34 12 mL 28] E v A (kjeldahl tablets)
¢S AFEE fEdd A dEo] 1AZE st 7FEEH410T) F ol E

Kjeltec™8200 system #}%5% 74| (Foss, Denmark)el A &7/ w33 A7) v
= BME 1N ddoR AAste tad 22 A )or 2aud gFs

e =
Protein (%) — (T—B) x Hx N x 100 / S X ocevererrrmr (/y] 4)

(T : 01 N HCl 44 &(mL), B : &A1 gl &l 0.1 N HCl &¥ &Fml), H :
HCIO 2% F&% N d2d2% F @ 22 a0l 8375625, S @ AE9
T 7(g)

T B AH9 2447 F<F 105T(DO-150, 438k, Korea)oll A #AZEAZ]
AMEZ(05 g)S A2or wast & 0 Z7|FA9 HEFA zolE ZH s}
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bes ge 44 5oz £ gL AEsan,

Moisture (%) = ((S+D) - AM ) / S x 100
D : =74 FA(g), S : A= FA(g), AM :

AMES 3]8t=(600C, 24 hour, PMF-4.5,

[e) 2~ B3 )= o)
o] e FE B So] AZ
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Fig. 1. A pre-treatment of shells. Shells were put into the distilled water for

one week, without alkali treatment.
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Fig. 2. A pre-treatment of soils. Soil was treated with hydrogen peroxide

(10%) for one week.
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Table 4. Chemical components in Experiment 1.

(g/L)
Components Ta-1 Ta-2
NaHCOs; 16.8 5
KoHPO4 0.5 0.5
NaNOs 2.5 2.5
K2S04 1 1
NaCl 1 1
MgSO;4 - TH20 0.2 0.2
CaCl; - 2H20 0.04 -
FeSO, - TH20 0.01 0.01
NaEDTA - 2H20 0.08 0.08
Trace metal solution (mL/L) 1 1
Vitamin solution (mL/L) 1 1
Solvent K-2 K-2
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Table 5. Chemical components in Experiment 2.

(g/L)
Components CON A B C D
NaHCOs; 16.8 0 5 10 10
K.HPO, 0.5 0.5 0.5 0.5 0.5
NaNOs 2.5 2.5 2.5 2.5 2.5
K>S04 1 1 1 1 1
NaCl 1 1 1 1 1
MgSO;4 - TH20 0.2 0.2 0.2 0.2 0.2
CaCl - 2H20 - - - - -
FeSO, - TH2O 0.01 0.01 0.01 0.01 0.01
NaEDTA - 2H20 0.08 0.08 0.08 0.08 0.08
Trace metal solution (mL/L) 1 1 1 1 1
Vitamin solution (mL/L) 1 1 1 1 1
Solvent D.W K-2 K-2 K-2 D.W
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Table 6. Chemical components in Experiment 3.

(g/L)
Components CON S-1 S-2 S-3 S-4 S-5
NaHCOs3 16.8 16.8 16.8 16.8 16.8 16.8
KoHPO4 05 0.5 0.5 0.5 0.5 0.5
NaNOs 2.5 2.5 2.5 2.5 2.5 2.5
K2SO4 1 1 1 1 1 1
NaCl 1 1 1 1 1 1
MgSQOy - TH20 0.2 0.2 0.2 0.2 0.2 0.2
CaCl; - 2H20 0.04 0.04 0.04 0.04 0.04 0.04
FeSO4 - TH20 0.01 0.01 0.01 0.01 0.01 0.01
Na:EDTA - 2H-,0 0.08 0.08 0.08 0.08 0.08 0.08
Vitamin solution
1 1 1 1 1 1
(mL/L)
Trace metal 1 1 5 10 20 30
Solution (mL/L) (Zarrouk’s)  (Soil) (Soil) (Soil) (Soil) (Soil)
Solvent D.W D.W D.W D.W D.W D.W
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Table 7. Chemical components in Experiment 4.

(g/L)
Components CON TR
NaHCOs3 16.8 10
KoHPO4 0.5 0.5
NaNOs 2.5 2.5
K250, 1 1
NaCl 1 1
MgSQy - TH.O 0.2 0.2
FeSO4 - TH20 0.01 0.01
Na:EDTA - 2H-0 0.08 0.08
Vitamin solution
1 1
(mL)
CaCl, - 2H-0 0.04 -
Vitamin solution
1 1
(mL)
Trace metal solution 1 1
(mL) (Zarrouk's) (Soil extract)
Solvent D.W K-3
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Table 8 pH and the concentration of calcium, magnesium and silicon ion in

the pre-treatment of shells.

Zarrouk's
D.W K-1 K-2 K-3
medium
pH 6.61 8.49 13.16 13.12 953
Ca (M) 322 x 10° 356 x 10° 441 x 10° 272 x 10*
Mg (M) - - - - 810 x 10
Si (M) - -

D.W: Distilled water, K-1: D.W with shell having been put into for one
week, K-2: K-1 treated by 0.1 M NaOH, K-3: D.W already treated by 0.1 M

NaOH with shell having been put into for one week. Ca, Mg and Si (M):
measured by the Kit.
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32. 4% 1 (CaCl¥ st 439)

Table 9= =A% Biomass, Chl-q, C-PC¢] ZA¥}7ko]al Fig. 3& o0& g2z
UEeld Aot} Ta-29 RE A3gho] Ta-1XHTh thi =4 YERS
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Table 9. The contents of Biomass, Chl-a and C-PC in the experiment 1.

Day 6 9 12 15 18 21
. Ta-1 1.00 151 1.73 2.00 212 2.31
Biomass
(g/L) Ta-2 091 1.34 1.87 2.10 233 291
B Ta-1 4.38 9,50 14.64 23.80 25.98 18.09
Chl-a
(mg/L) Ta-2 457 11.90 14.74 24.94 25.83 17.66
CoPC Ta-1 0.00 0.02 0.03 0.02 0.02 0.06
(mg/mD ., o 0.00 0.01 0.04 0.03 0.03 0.06

CaCl, (0.04 g/L) was included in Ta-1 and excluded in Ta-2.

_29_



Biomass (g/L)
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Chlorophyll-a (mg/L)
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0.00 T .
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Culture time (day)
Fig. 3. Biomass(A), Chl-a(B) and C-PC(C) in the experiment 1. CaCl»(0.04

g/L) was included in Ta-1 and excluded in Ta-2.
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3.3. 49 2 (NaHCOs ¥3%# 43)

Table 102 =A% Biomass, Chl-a, C-PC2] Z3}3k9]

1 Fi
2 e Aot Ade RE agdA #Rdd 929 ¥

rlo

or
AT AdA A (Fig. 4A)S 293, gamv 28 d™ Con?t Ad+ D
/] Biomass, Chl-a ¥ C-PC9 A#E&o] &AL UHE L}
Wrh(Fig. 4). A3 DRt ©addo] AA Hrtd A

AP ColAl Chl-a$t C-PCe] ghFo]l H]s=stAY #=A4] vebuth(Fig. 4(B),
(C)).
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Fig. 4. Biomass(A), Chl-a(B) and C-PC(C) in the experiment 2. The content
of NaHCOs(g/L) was A0 g/L), B(5 g/L), C(10 g/L) and D(10 g/L).

CaCly was excluded in all experiment group.
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34 48 3 (ESFSE A4F)

Table 11 =A% Biomass, Chl-q, C-PC¢ ZA3}gko]laL Fig. 5= o]& g =
2 Ued Aol BRE IFolA Bld A EC] #EHNNL, vE AFds
2A At S-4¢9F S5l AEHE S BATHFig. 5(A)). Chl-a¢t C-PC
o FEFe deawryg 2 AdPaodr =A UERt(Fig. 5B), (C). EdFE

Fo B4 Ax, Yol AEE EFNA Mot Curt Zold AR Lhekyk
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N

Fig. 5. Biomass(A), Chl-a(B) and C-PC(C) in the experiment 3. The content
of soil extract(mL/L) was S-1(1 mL/L), S-2(5 mL/L), S-3(10 mL/L),
S-4(20 mL/L) and S-5(30 mL/L).
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Fig. 6. The metal concentration in the soil extract.
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35. F4AY (g3 EF F=EY 5EFLE)

Table 12+= =A% Biomass, Chl-q, C-PC2] ZA¥}Fte]al Fig. 72 o|& 13
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Table 12.
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Fig. 7. Biomass(A), Chl-a(B) and C-PC(C) in the experiment 4. TR - 1
mL/L (soil extract) and 10 g/L (NaHCOs3).
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Table 13. Biochemical compositions analysis in the experiment 4.

(%)
Protein Lipid Carbohydrate Moisture Ash
Con 50.72+0.3 9.1£0.53 17.77£0.3 2.15+0.13 20.26+0.26
TR 50.42+1.0 9.8+0.47 18.83+£0.4 2.18£0.03 18.77£0.25
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