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BE WHRTARBMBTEXRENAREEDTA MARMBARREESRTERKME
W, ZREFENMBEFETHHNELESERAATREEBN SR TERNRK. LR EDTA K
MAFHFRFILEBTEHIBRE.EKXRENEDTA THBER TR R, FAMKTHE
B EREIERX Co.Ni.Cu.Zn.Pb AR K T M BEJ7., FELH 5 15 40 BT B0 B BK RE 0 MHGE
KPR —RRIBA BT EEE S,

X8R BEE 2RAE FEAH BEER BREEMR

FHEXEERKIB P A NTEENHFARBRENERARFNE R AR XK
kb, i TREZKEFYRVBRER, BREAXNFR T HEBRECGEREBIULKEKE
PR MRS RENESRERNRFE, TR TAESEELE TRHWEAY HA
FEMEYERGEER, REBXS KK PHER S BRENA R, WERFKEI TR —
MAERTES. Hit, IRFLEXETEBTESRBAERENE N,

BREER -4 RRE. TRARBEL . ZRATGHRERUERERSE . RBES
SEFMAEMELY R, T ARERLBS KETRORRIST L, XTREAHANELEY. B
AHRRY, SEEX Cu Mo HERBHEREHC., EXTHARGSERBETHRY
KXEHRBRD. AXFEHRRTARHBTEREGBMARMAR EDTA A B X ¥EF
SRSEVEN FILTEANILAESROYERMER.

1 MR ET®

1.1 E#

mﬁﬂﬁﬁ(Spirulina marima) HE R K FAEYHEEEREAR K EFEZHL,
1.2 HFFEH

BRI Fe 3R Zarrouk 35 3R E5°, Hdp NaHCO, %3, Bl 8. 4g/L.. BEFBEPH A, Al B,
HETERAWMNARLE 1, S EREFMA A, MB, & ImL, BHRBERX 30+1C, F
R R B R S i S R B IR. SEREREE Y 3000 Ix, @ SBEHE. 5L BIEELEHE 0
A SL BB E,

- BETHEG . BEMEKEED R BERD 210024,
KB HRE1995—03—29; 8% H #:1995— 06— 30,
WERMN . ZHRE . B1963FE. 1995 FRHAKFEYEHEY L L UEL . KIGLFNG, TEAERXERER
BEEEEFENTE. AER XA BAREERBRBEANERTR"%.

OEBE. NS, FEXS25RVEETERIBNELMT. AR AFERRT LRI 1994,
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F 1 Zarrouk IBFFEAFAHMN As B, MR TEREH

Tab.1 A; and By trace element solutions for Zarrouk medium

As R & HALAR Be B4 W45

H,B0; 2.86 g/l NHVO, 22.96 mg/L
MnCl, 1.18 g/L NiSO, « 7H,0 47. 85 mg/L
ZnS0; » TH,0 0.22 g/L NaWO, + 2H;0 17. 94 mg/L
CuSOy » 5H.0 0.079g'L Ti(SO); 40. 00 mg/L
MoQ)s 0.015 g/L Co(NO3); + 6H,0 43. 98 mg/L

K,Cr(SQy4),4 * 24H-0 96. 00 mg/L

1.3 ¥HRAZE

1.3.1 REBRFALERESE@RTLEAXLS EHHARNE MEREPMASNRER
B A B METERSHE . MARSSY 3mL/L # 5SmL/L, L Zarrouk %75 R EX B (A;,
B, METEEABRMOMARN ImL/L). 335 15d /5. EBCR B4, FIRK (pH~~3. 0)
MEXBEKEIRE. AGTRENEELESR. cRNEAHRRBESFEF AR
(ICP) , B S TAL B R LR (T RD,

1.3.2 XA EDTA %8R8 T2EA X4 THHANT HEFHREFEIEDTA K
E.{# EDTA 984 %14 0. 08mg/L M 0. 24mg/L, LR EDTA A X 8, LB P ¥ A
10mg/1. K Pb B F, 85 5F 25d G WK B4 L FEHIr X E i 8.

1.3.3 #mBELEAEHAAMMAERAGR L B CoCl, NiSO,.CuSO,. ZnSO,.Pb(Ac),
HREREFRABRGCTI=4.5),. ELBRBFRE N smeg/L £H ., B HAEKYPK ER
B - B A BRGNS R R, R AR K TR S
W FKsS, ¢REE 3 FET 5oml. £BBFRAMWP,25 C THH 30min, AE B IEAK
RN, T IEATEE R 1% HCl M E R KGESR. WEBR.SINTLRETFRER
i, DRESEMMPBHAEERNERBE FES BOETEREXHE,

2 HiRKETE

2.1 AENETERRENRARPEEXZSBAEN

ALET, RAMABBECERABN T EENERETHHECER. HBNRNT
Bk — S MERE BB TSI BENREEEF . LR, BREREPHENT A M1 B &
MAR BRANBHREK=EHBHEM.

K2 AEEFREFTMARAREBENHE CERARIBERNBRARERETERBTER
MERGAETEID ., AGRITR, Y5 5%EF A, BB, InABEMmMP 3 &6, RARSTE
FTEHAEARIBESEM, X+ ALLCd.Co.Cr.Fe Mg . Ti S MEERE K. X A;.Bs
5 EELBRT K.PbZn A — S REINHATESEHAEARBREN TR,

MiX— LR R R EEEAETHE TR S BN ARTABIEETEN S
EREEMGES. UMHARERN, QREEART I NI BETHERES ZIn S 8K
ghmAEt- A TFRHELE. Yh 3 HEHENE FEF,. EMNWESRBIFREEAT. X
REEA T ZMAMBITELFN . BARMN SR TEN R FEEHLER., BR A, F B,
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MR H X Po, 4K Pb SBANEEE A, M B HBMMTERN, XTHEIHM A, |
B MEFLFEFTHNEIE.
FERBTHRERSATFABENEETARAXR TR TERTEEFRENERT,
FENHBTENRE XTRERETEREFRNEEEAHESCHRE.
ERLRS, BR IAEFRPH CaMg K. Ne FLENEKEIHRBE . BENESE
WP SREEE As.B IMABRRITRESL, XFTERAF BB TEMASS @
REBABEE TALRE. MM SENENTRESHEENSBYTAEX, X—NH
AR E—B PR,
%2 FARRTEMARMNEMBYLRTREROLWM" 847 .mg/kg
Tab. 2 Effect of different quantities of trace elements in medium

on the contents of metal elements in algal cells

7—6* Xt (As,BOX3 3R (As.BaI)X5 88
Al 9.74 13. 40 9.78
2.38 3. 44 1.50
256. 00 322. 00 210. 00
0. 041 0. 141 0. 045
0. 36 1.94 0. 54
4.61 15. 00 12.00
Fe 407. 00 88). (O 706. 00
K 338. 00 5C1.00 540. 00
Mg 7EE. GO 1100 1000
Mn 14 10 27.40 23.70
Na 222. 00 365. 00 -
Pb 0. 93 1. 34 2.45
Sr 0. 37 0.51 0. 28
Ti 5.82 15. 80 15.00
Zn 18.80 19. 30 22.00
* (As.Bg) X3, (As,BO X5 S BARGAIFREPMA 3mL H 5mL As Bs BB TR IR A B M B Zarrouk 15
FE RSP A OB IMARER ImL/L,

2.2 RAEEDTA RMEABRPERTESRNEN

ZEMEDTA MAMNBARPEETESREE —ENEW(E D . YEDTA A
B 0.08g/L(EDTAX DB 54 M EDTA #ilt,Co.Mn.Zn SR8 8 T, Cr.Fe.Sr.Ti
EEHWE EF, Y EDTA B 0. 24g/L(EDTAX D B K S RAMBLELE
AERYEIREEMNTRE, ¥ ALLBa.Ca.Co.Mn.Pb.Sr.Zn 51N EDTA i H B KB
HE i FRE. ‘

MX—ZRERKE  MARKERNHEDTA THEKERAKRTLBLENSE., ™
AX-ZROFRTTERAT EDTA R—HEEAN. CHeRETHAERETESAR
FEFHNSEBETEE, AMEARXSEEFHOREELS. iy EDTA b IRFRES
SR EBTHRIFEFEBTCENRE SR TXIFE). ¥ EDTA MABRN
(0.08g/I)Fe.Cr ¥ REBABHAR  XTHEE G T EDTA M T EMNEEFEPH
BWE, HAEBKER Zarrouk 81 E P (pH=8. 0, BE BN AN M. pH T LA E

QERPP
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1.0 ). XEERNIALYBRHRERD., HIt,EDTA ERR P EH B/ E T EEMEY
BRNEER. YTRARBNEERSE TX - SBM S EDTA EREKER, B/ EEHN
ERIE 2. EDTA E8MKER R FEAERER, ZRUBEARG LR TENTRE
AT AFKER,
%3 AR EDTA MABXMNBERFERTES ENHEH $Az:mg/kg
Tab.3 Effect of different quantities of EDTA in medium '

on the contents of metal elements in algal cells

TE X EDTA &# EDTAX1 &8 EDTAX3 & &
Al 27. 40 26. 70 6. 69
Ba 13. 80 13.10 0. 86
Ca 1200 1200 326. 00
Co 1.24 0. 68 0. 35
Cr 5.70 10. 10 3.49
Fe 813. 00 1000 457. 00
K 17600 14200 15600
Mg 4600 4500 3500
Mn 66. 80 47.20 31. 20
Na 1700 2900 1301
Pb 1100 1200 5.45
Sr 2. 60 2. 96 1.08
Ti 3.71 81 2.41
Zn 26. 90 15. 60 10. 30

AEBL BUGRN, EEEFEPMA 10mg/L'Pb J5, R4 M+ Pb 7 &5k 1200mg/kg
(T&E),FHBEXMPb ABEF/EA.EDTA TTEEMB O P ERPHWRE, AN, &
EHREREAHTRSAERN. T EIENEDTA MEBE AU PSR, ATKRBEMMFH
ERBETIRSHN - 4XRAE-—CWER, THEESENERMERX. X TERMNESE
BEBREBHWERAEGE SR,

2.3 RABMNEEEARNBRHER

AN EEBRE FORMLRES SRAREHE BRPHEFERERE TR,
8 B S BE B 4 M1 X Co NiCu.Zn .Pb B FERR FEBW R M, X — 1 el e B B[]
WSERR . AR SE U5E A M R ER (R 4. 258t B 75 70 40 B 0 3% 40 B X A
B RAE A FE R RBEE 7. SR XY Co.Zn BB & T IH 40 M, T X% Pb i BB 5K T & 4
M, BRFH Na K EEEHMRP Na K HHHTB.AARMBEEHES TIHHAR.

HAEPHAEFERAENRER - BAH IR . Aoy ERMIBASAEES
REHXH EFHRE IR R ARERFREEA, NN ELER TR A RBHEER
e, FARIOE R AN SR AE 8 Zn MK BT R th X FE Zo AR K S EREM ZIn 5§
W ERY, ALRERBERT E 30min N, BARX ILFHE SRS A H B8 RME
. BURBREE SHREMENKAFE RURARYI/HEMS4EBEHLX. B
ENARERHZHEMNEARSYRAR, X5 FHH-NH,.-OH,~-CO - NH -,- SH%¥
B . EKBRPHIT S BELEE FHEANY FHARERERBRENE FIRE , XEHT
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EUBEMERERIBTITERE - FEBINARAT, FARATREEART. X I8
HFEBTEERARTHERTREXBHSE, FEDTAREN . RTS5EEET
GARRETEEN AT ERENERARSBARESF XA BEAR FEMTHARXE
e RBEL, RAFEARN SR TROREEL .

R4 AENEFRBEEHREERTERTREZNEL

Tab.4 Concentrations of metal elements in the solution after adsorbed by living and killed cells

TR FE.40 R R
¥ F®mg/L)
#A R (mg/L) L3S EAGZS) F AR (mg/L) BHR %)

Co 5.78 0. 093 98. 4 0.062 98.9

Ni 5.57 0.116 97.9 0.119 97.9

Cu 5.71 ' 0. 605 89. 4 0. 599 89.5

Zn 6.22 0.165 97.5 0.0987 98. 4

Pb 4. 04 0.124 96. 9 0. 200 95.1

Na 1. 96 14.6 25.6

K 0.726 3.49 25.8

ERRSEHARM AR S FRRMENRR, TERFREREKED LS FHRE
ERENMRBENERETHESENRANE,

3 g5iE

AXHTBEAFEIERAR T CRIMSREZTHORPER, - TH.EREBEFEK
MERBTERET BXMENERE TREEMNT RN R TE R KK %S R
SERITEMBBIEENN, ERNRENZERXERE THREAH . E R R ke
SEEKE, AN EATREFGRERNSRBTHORYE . BAOES R FFENITER,
B FHEFBATRLEN, TEEELSHEFEG, RERETSRENEER; 5 E,
BREARMESRTEARBNRMAER, WX Na K EETHRERS, X—3BRTHE
ErENRER., SETFXRMEFLERBEL, SERMESROEMEAR RSB
MAAERmARLRE. FAAX -5, TEREEREUERWISK, Bl G XBHEFRE
HMEERAEEDRN ARBOBKTELRNERREAR-LARHENELRITR. X
—HERB R, BRI FHEBURSEN, AURBAKETHNESRITE,
ERENHRAEE.
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EFFECTS OF DIFFERENT ENVIRONMENTAL CONDITIONS
ON THE ABSORPTION OF METAL ELEMENTS
IN SPIRULINA MAXIMA

Li Jianhong' Zeng Zhzcqi'! Yue Yumine® Tai Zihou?
(Y. Department of Biology Science and Buwtechnology. Nanjing Untversity. Nanjing 210093 ;

2. State Key Lohorator: of Coordinatm Chemistry. Nanyng University . Nanjing 210093)

Abstract

The effects of different concentrations of trace element solutions (A;s and B;) and different
quantites of EDTA in media on the contents of metal elements in S pirulina mazrima were stud-
ied. The results show that by increasing the concentrations of A; and B, trace elements from
1mI./I. (Zarrouk medium) to 3ml./I. in medium, the contents of most metal ions in algae in-
creased. However, if Asand B; were increased to 5ml./l., no more increase of metal contents
was observed except for K. Zn and Pb. The metal contents of algae were decreased when in-
creasing EDTA in medium, while the contents of Cr, Fe, Sr and Ti in algae were, when ED-
TA was 0. 08g/1. in medium, higher than those in the algae cultured without EDTA. The re-
sults suggest that higher concentrations of metal ions in medium increased algae absorbing met-
al ions and EDTA can make algae absorbing metal ions decreased.

The experiment on the adsorption of heavy metal elements on intact algal cells shows that
‘S. maxima strongly adsorbed Co, Ni, Cu, Zn and Pb ions in 30 minutes. The adsorption ca-
pacity of cells killed by formol was comparable to living cells, strongly suggesting that the ad-

sorption was independent of physiological reactions.

Key Words S pirulina marima, metal elements. environment, adsorption, absorption



