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Effects of Phosphorus at Various Concentrations on Adsorption, Uptake and Transformation of Arsenate by
Spirulina platensis

WANG Shu', XU Ping—ping', LIU Cong', WANG Ya', ZHANG Chun-hua?, GE Ying"

(1. College of Resource and Environmental Science, Nanjing Agricultural University, Nanjing 210095, China; 2. Laboratory Centre of Life
Science, Nanjing Agricultural University, Nanjing 210095, China )

Abstract: Arsenic( As) accumulation in Spirulina platensis may reduce the quality of health products produced from this microalga. Phos—
phorus(P) may influence the algal uptake and biotransformation of As. Thus it would be possible to reduce the accumulation of As in algae
by manipulating P concentrations in growth media. To test this, we first sat up an experiment to examine the As( V) adsorption and absorp—
tion characteristics of S. platensis under 0~300 gL As( V), and then conducted another experiment to study the effects of normal and
low P levels on the As( V) uptake, adsorption and biotransformation by S. platensis at 300 pg+L'As( V). Algal biomass was not signifi—
cantly affected by As( V') treatments, compared with the control. However, arsenic accumulation increased with As( V') levels in the growth
media. At 150~300 pg- L™ As( V), S. platensis contained 1.006 to 1.569 mg kg™, which exceeded the national standard (GB 16740—
1997) for health(functional ) foods( 1.0 mg-kg™). The As absorption was reduced by increasing P concentrations. At P levels of 1/10 normal
or higher, P did not change As speciation in S. platensis, whereas only 3.28% of As was transformed to As( Il ) at 1/25 normal P level.
When P concentration was lowered to 1/50 of normal P level, As uptake increased significantly to 1.457 mg -kg™, of which 9.24% and
37.35% were converted to As( Il ) and DMA, respectively. In conclusion, decrease in P supply promoted the uptake, reduction and methyla—
tion of As( 'V ), though As( V') was still the main As species in the microalgae. The majority of As was adsorbed on the surface of algal cells,
suggesting that more than 95% of As in the S. platensis could be removed by washing with phosphate buffered saline( PBS) solution.
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B, /INER T (Chlorella vulgaris )£ 1.10.30 wmol - L' fif
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s Wang ZEUOIFIY F2BH | 3K 14 4K 8 ( Chlamydomonas
reinhardtii ) ESBA R E T AN B R A9 R0 5 R
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PR SEERYR S BRI, DAL SR AR B A A
FOBREE Ty T, E A RS AT Morais S5 FH Jit
TG ST RO S5 A [F] 5 A 1 iR
TR A i HAh , Doshi Z505H] FHELHE I 1 HEFIFE
PR R LA As( V), & 550 F ik 525
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I BB IR KT X g e A I i) 2 e A7 A 4
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1.1 EMEEREN

il THUREL e 345 ( Spirulina platensis )W) F 1L ZR T & vh
IRl 2E B e A TP, ARSI S AR 5% . R
Zarrouk 1535 (pH9.0, 121 CrE FEZZTR KA 30 min )™,
BRI (30£1) °C, G BEERE A 3500~4000 Ix, HE Y
WIS L 12 he12 h, BRI ) A e 55 3 1K
1.2 KIGigt
1.2.1 A[FEREE As(V )ARIET BR5E e XA 11 ' 4

B K X O IR S A T 1 L ",
B4R ODsgon 2978 0.2, Z J5HX 200 mL 323 T 500
mL #EFE LT, 23 BIA 100,200,300 ,400,500 600
pL Y9 100 mg- L™ As( V) B (LL NazAsO, - 12H,0 it
i), B 2 As(VO)UREE 4350 2 50.100,150.,200
250.300 pg- Lo AEACEREEE 6 P47, FHLIAS Ind
FIBEIRAE RS FIXF IR, AbBE 7 d 5 AP g 4 g i
B, TEWMCGIRET 3 447 H 4% H Beta 1-8 LD plus
RURTIRALUE T T8, DAD e AR 0 A 5 i
A 3 447 0.1 mol - L™ PBS(pH=7.0) 3 8k (£F¥K 5
mL PR 3 U0, 2 R T 20 2 1A B A A e PR v
5 0 e A R Ay e 5 e HOB S, A 1
i 55 el 2 A R LA 4y iy RIS Ay MR 3 2 T R R g i
i, AT TSI A RAR W], PBS AN S0 s 24 i 1Y
SEREA A
1.2.2 Wi B XTIREdE As( VMR Wi B Ak 5

WEE A S T, e B AR AR T TE
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FEWIYE 3 3, BeFh T CuE R SRR LR EE 1 d,
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5 16 F 1 4 il v Jo N 2 o W E e A K 7= A 5 i) )
B3GRt P 1/10 Py (1725 Py 1/50 Py CIF 3
Zarrouk Y53 P KHPO, &ith 0.5 g+ L', B 88.9
mg P+ L) 3G N 2 d J5 M JA]—JfE R P 4331 B 200 mL
BT 500 mL HEIE A, A 60 pL 1000 mg- L™
As( V) BE, AS [ e 2 /KO- S8 e 26 As( V)
WePE Y H 300 pg - LY, ZbBR 7 d J5 FABR SR R 48 uk
WOR SR, AP IR A 1.2.1,
1.3 Y ENE

BEE 2 As(V)ACFE 7 d J5 , P He s e 4 g ik
FEPEA TR T 4R 24 b JEARANFLAY) TR S 1 8
HTIR AR 0T i =2 25 B R e i) R W ik (R Bt
VB PR A BB AR AL R VR VR T, kA I AR/K 203 B Y
R,
1.4 Rk S ANE

KR VR TER5 IREBERE R I, PR 24 0.05 g
a1 25 mL BRI A T, WA 2 mLARFR R 4:1
) HNOs:HCIO, JR & 1R , B 1 1", >R Lab Tech
ED54 RUERERE S AR CRANZERHE FRA R ) FE
iR ZE VARV W I T A SR T R I A
T 0.2 mL 28R, O T 22 S e 3.
EB KGR ZE 10 mL 255084, S0 0.5 mL b
iz (L 40) Al 2 mL 5% R +5% 500 1 FR VR A 7
J5 REZE o R AL K A - RGE R T T (HG-
AFS, Jb 5t 35 RALER A B2 7)) H B &, AR
HERBEREAE AL BRI AR A T s DI, [Ty
93.249%~107.27%.
1.5 MR SREENE

HEFIFREL 0.05 ¢ TAET 10 mL 2048, A3
mL 0.28 mol - L™ HNO; #F1 74£HX, 90 “Ci# 7 10 min f5
14 000xg 50> 10 min, F A #E 3 kK2, FiFWR A I
JEEARZE 10 mL, E G MFES T 0.22 wm JE LT
U8, UM P 2 52 et (Hamilton PRP-X100) , >R H
R R - Ak R A - TR 98t (HPLC-HG-AFS,
JUH T RALRAT B 7] )0 Wi i v A T 25 [
i AsCH) ,— LA (MMA) , LA (DMA) |
As(V) bR B SE 5, B S $2 BUR N 94.73%~
134.23% K5I 2547 JisliAH R 17.5 mmol - L 8RS
T (pH=6.1), A FE VB AR AT 100 wL; 200 A
5%ERTR ; BT 1.5% 0 F AL +0.5% S A AL A ; B
WAk 700 mL e min™; 258 Ar,600 mL-min™; Y HL

ERGETHUE A 270 Vi XTHL D 100 mA
1.6 HiEAbIE

JiI Excel 2010 F11 SPSS 20 ZE 34 4 4 PR 0547 %
PEAb R 5534, B SigmaPlot12.5 VE& . R FHEARNZE )7
/37 (One—way ANOVA) Fll Tukey #3017 2% 5 i
FAE T (P<0.05)

2 HBRENH

2.1 As(V)3HERE R EVEH T

P ESE T E A5 AT 1 (3% 1),200 mL B
FETCA AL BRES A= ) 5ok 237.2 mg, MK [A) ¥ &
As( V)ARCIR)S , 50 BOAH LR e e 1) AE s 35 B T
R, (HBA Iy 2 ras R, EAR S B 1)
As( 'V )RbIEE TR, SR E e AE 0 d 2 ) 1) 22 S35 &
F(P>0.05), FUILBEIAEE RIS As(V O)WRBEEALE 0~
300 pg- L A, B2 E i A K A AR Z B 5
2.2 ErEENMEEE
2.2.1 AN[E] As(VO)¥R B2 AL B BEUiE e X i 11 ' 4

IETERAEA IR EE As(V )ARIE 7 d J5 , St fif
W E SRR As(V )R TR ZIEE (R 1),
5 JC A Ak B () B 28 6 BEAH E L 50~300 g - L
As(V ) 4b 3G 5k 25 B8 g B E 358 X6 e 11 ' 42 (P<0.05) o
2 As(VOAHIREE A 150 pg- L B, B85 5E 5 AR 10 2
& 1.006 mg-ke™!, HAIE ST As(V ), #
13K [E GB 16740—1997 R (T RE ) £ i A 1% L
(1.0 mg kg™, MIEFREE As( V)W 300 pg- L
B, 8 A 1 A B e A i (1.569 mg -kg ™), T
B R As(V),

AL E 5 W WA A e T U (% 1), 7E 50~
100 g L™ As( V) ZbFRE , BEA AL AR As( V)
B AsCVO)WRBEERINE] 150 g L7 I, 3540 1 A A
F /DR, 5 0.009 mg-kg™; 24 As( V)b 3
WS IRE) 300 g L™ A, BE AW I Ay A 75 1 I 2 48
HZ 0.076 mg- kg™ (P<0.05), Z K M AELETE 251 Ky
As( V). Bl As(VO)REFACOE (R 75 , W2UiE e 41 fifg 2
T B A Y 0.235 mg kg™ B % 1.493 mg-kg™,
W B R BT (5 A4 TE 95% LA | iZZE RE I, TEA
WFIEAET, IBE S X Al ) o A T BB DAL 3, 1
AR SRR (<4.84%)
2.2.2 WM X EEE A AR A5 )

M 1 AT, 7E 300 wg- L As( VORI SET,
Wit 55 7 B AR T RRAIG MR e AR I e 5
R 0 AE I B B SRR ME e TR SRR AR
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1 HEE R R B0 IR S By e & 22 % LE A
Table 1 Amount and proportion of absorbed and adsorbed As by Spirulina platensis

As( VO)LEFRVRFE /g - 1! H: W)t /mg A RI/mg kg WA A /mg - kg (L B/ % ) W B /mg - kg™ (e A61/% )
As( 'V )treatment concentration Biomass Accumulated As Absorbed As(Proportion ) Adsorbed As(Proportion)
0 237.2+6.82a ND ND —
50 228.4+6.70a 0.235+0.006e ND 0.235+0.006e( 100)
100 235.8+2.80a 0.539+0.068d ND 0.539+0.068d(100)
150 231.5+8.43a 1.006+0.028¢ 0.009+0.003¢(0.89) 0.997+0.022¢(99.11)
200 235.5+2.30a 1.043+0.016¢ 0.010+£0.005¢(0.96) 1.033+0.016¢(99.04)
250 234.6+7.65a 1.367+0.035b 0.025+0.002b( 1.83) 1.342+0.032b(98.17)
300 233.6£5.11a 1.569+0.122a 0.076+0.007a(4.84) 1.493+0.087a(95.16)

L - PR S E AR EZE” (mean = SD )R 5 AR TREFR R AR b BRI 25 57 .35 (P<0.05 ) s ND R A e T A R

Note : Data in table are mean + standard deviation. Different letters indicate significant difference between different treatments( P<0.05). ND means

not detected or below the method detection limit.

1.766 mg-kg™; e BRI 2 1/25 .1/50 P}, B2
BEAR R0 RS B ) i E N E 2,624 12.822 mg-
kg™, FREIRE SRR Pl ) v B X B e e v ' A A E
SO 3K FE R TR R R B R 1/25 1/50 P
SAEN, BRI BRI TS (B 2) ., IBE
IEL PR SR B 5 5 B v B BT T o, >l
WEEREARZ 1/10P B, SRR i 7 o il 235
1 0.433 mg-kg™, AP S T BRI 5 Y 2
s AL BRYR B A 1/25 1/50 P i, B 9 A2 £ 40
WA E 1.369.1.457 mg-kg'(P<0.05), %45

FEIH , BEAREE F5 LM B 2 (R e A A Wl 3
AR 2 1AL VR 86 1 e 5k it o % o e v A A 1 3 i
PRI A —=AMIEBEZKE T (17101725 .1/50 )
T 200 L T I B ) 22 [ 25 AN B 25 (P>0.05) , TR IE
HWEILN 2T W A A R G 1.684 mg -

3.0
b a
b
25F
TUD
A.d 20 I C C
=8}
£
i 1S5
&
£ 10
i
0.5F
0
P 1/10P ;.  125P . 1/50P
P b3

ANF)ING TR IR A A BN 22 5 i 35 (P<0.05) . IR
Different lowercase letters indicate significant difference(P<0.05)

between different treatments. The same below

B 1 RERERE A BT A5 i B SRR
Figure 1 Effect of different P treatments on arsenic enrichment

in Spirulina
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&
&= 0.6 .

04F 1

02} :

0
P 1/10P.  1/25P;  1/50 P,
P 4bFR

A NG TR RN B IR S 122 5 . 3 (P<0.05) 5
AN 1R 2 Ak B TR HERBE SE R B g 174 22 5 1 (P<0.05)
Different lowercase letters indicate significant difference( P<0.05)
in absorbed As by Spirulina platensis between P treatments,
and different capital letters indicate significant difference(P<0.05)
in adsorbed As by Spirulina platensis between various P treatments
[ 2 AN[E)RAL B Xof A28 e st e R B L IR AT 2 M)

Figure 2 Effects of different P treatments on arsenic adsorption and

absorption by Spirulina

ke (P<0.05).,
2.3 BYE SR XTI e b M R A R 22N

15 4 FIOR [FIBEHERL KT, B85E e i ] AR 254
PLAs(V )R FEE 3), i el hy 56.12%~100% ., 7E
B IR R B P 1/ 10PN e A As( V)
— RIS s MW B R TE R WY 1/25 I, BN
As(ID) A% 0.045 mg kg™, HAEREF7# 5k Hp A A 5]
AsCID )T ; SR W BEREAIR 2 1/50 Peiif, B8 E e
WS A A4, HLE 43 A A 0.135 mg-keg™ As(1I)
#10.544 mg-kg™ DMA, [RIEH7ERE SR s 2] As( 1)
FIAETE, Sl 1.69 we- 17, ZSRIRas e, 3R 5t
VR B 1 AR 2 e IR X As( V) I id
JE AR AT AsCID) i 4ME
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Figure 3 Content of arsenic species in Spirulina under

different P treatments
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KA A AT S Y AR ) s A R T T —
SE IR As( V) RT LUGE 3 R £ % 12 8 1 F
N VFIAE AN, 1 e R A it A Ji A, As (I )24,
AsCID) 5 N 23 B H K (GSH) Bl 1 24 & (PC)
B A ARG R, B8 B T AR R,
A LA AR T i i /N 4 e e Y S A 4 1
Hes fshel, g %GR, T E s
JEARARL, e AT A A — i AR N PR, 7 85
HR TS As( VOISR DL N IE S 151k
B REEMER.

ARG ZE R ARV As( V)X I8 e 3 T
FWA T AR EN . Tk RSy gt Fod &
MEE 8 1 T U P AR B AE 0~0.32 mg+ L7, Bl Ffi oAk JiF
PRGN, B e 1 AR KA AR ML . X AT RE R
BT As (V) 3493 3o ol 308 T 0E A AT T % 5 2
IR ER W LR (88.9 mg- L), 15 As( V) 3E4¢[A]—
WA, As(V ) BSESE A BEARE BUPME | 455584
FA) TS W B 7 R AR 1T . T PRI & B, AR B 4%
T, 100 pg- L7 F1 1,10 mg-L'As( V) ZhBRAR 44 1 e
BE 20 d, ARXTHA AR S A5, B R T
FEEZERIR, ZHRIEE S B A0, BE s 4
ZFESLE ;20 d J5 AR RRIATEFESR S, R
R R B B LA S I AR B T, R As(V)IY
B (HAEABFE Y BEIE BE A P 2 A5t A AE AR L
AP TG 2t — SR

WE RS AN M B R AR K, S 24%~T4% )
Kb, it S8R E PSS ERLA , W
FRIL H L Ik WL R L SETS AT R I8
JHE i 15 S e o R A P B (0~0.32 mg+ L), S A 55

TR, Doshi 8 IIFSY & B, S8 HE B AL AP
Bl As( V)bV FE ) THE TG n, >4 As( V)R IRV
JE M 996 mg- L Fhr % 4510 mg- L7 i, @A E 1)
il 176 mg- g™ JHE 475 mg-g”'s AL R E
N, MBS As( V) A HR BN 50 wg- L7 &
300 wg- L7 B, EEACE MDA S SR T 2 6 £f
H YR FEE A As( V)R N 150 pg- L7 B, Bl E
AERRR B OB E SRR R . DL, 7R IR
B A P SRR R I R B W K A (R A

RIS As( V) RIS AN AR 5 B R B rh i ik
FRER B VIR, A 5T A B, 3wk 5 a] LA il
JINEREEOT R WSO 2051 T E AR S0 v, B2 e
Y Zarrouk B FEFEH IR A 88.9 me- L', S EUIRE
BAE As( VOWRJEALT 100 pg- L W Iah D . B
o A AR R R AR IS A B S H
IR T [ AR , B UATRRG I 40 i 0 B 240 i
AT, WAL PBS PR AT LA L BREEAR 95% L) bl , i
YRR AR S T R AR 2 TR 7K T R el Dk
TR 2 A%, AR, BRI SR Th B A T
FEXF R RIS . Zhang SECPORFSE 2 BIL, B U E (Syne—
chocystis )TEARHE (5 pmol - L) Z6 1 T 1557 6 d, B4
PR BB B 1S 7.9 mmol - L', 29 4 IE i (230
pwmol - ™) & SR i 3 N i ¥k £ (0.7~0.9 mmol - L™") 4
1015 AREHIMAEEEAE 10 mg- L'As( VOALIRR  fEAR S
AR ER s I S B R A B ek SR K MH 19.75 pg-
g UBEIRER ST 10 mg- L BF PR XS As( V)
Wi e /N, AT ST R PR E R B SR A R
WS S 0.202 mg kg5 YR FERFEAR N 1725,
1/50 Py B, 3 0 W AT 1% it 43 331) o 225 48 i &) 1.369
1.457 mg-kg™, UERT T MOAMIR B2 (1) AR S i e
BEBARW O, BLAE 1725 PRAIRBRAL R K | e 5
PN R A JopLA . H B O R E A O (D)
T R R PR AR U , 1200 43T 3 240 AR ISk A {4
INEHEZ R DRI, 7R e e SR A = 1l A v, Y
ISR S n M, BB TS iRk , B k8%
SRR AR B L AVG S B MR e 5 A

A5 R WIC AN (L B S 25 52 e A0 Bt A R AL
S BE S M) A0 B N A AR o 24 As( V) AE PRV B2 R
50 pg L7 B}, #k (G R % (Dunadliella tertiolecta) 7€ 3
mg - L7 S S RN 99.7% 0w k As( V), #i ik
JEREARE]0.12 mg- L7 J5 {2 3R As( V) IR 5,
AsCID) Fe il 55 2 26% , AAGMI RPN As 1] DMA |
MMA S5 HARTE A A, SRMTAE S 45 R 5
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BT AARE A AR 300 we L' As( V)4 FRIEjE S 7
d J5  IEE A T IRBERMIN 4 As(V ) ;51725 Py
ST RENAY 3.28% A4k AsCIL) ;1 1/50 Py
KT AN 9.24% Ak As (I ) I M HE
BB (1.69 wg+ L), 37.35% i 4k 7 DMA
TEAFTER N o Hellweger 2P | 243185 il = it
PRI LA 340 R 32 Qin SFIRFIY UL R B, 213
Cyanidioshyzon sp. 5508 7£ As( V)W , sk ik
Sl AsCID) , Bl s Ak R — HH 8RR 4B 4 (TMAO ) #1 —
FHIEARDMAs (V)] bl , 5557 SEml ik B2 i B AR
PR T IR e AT As( VORI A R FnSME, B4
BEWREFE S 1.778 mg- L7 (1/50 P )ik, i As( V)
AT F B R A D FE PR 55 1 DMA, AT R AIGAth
FRER MR

4 g

FEATAIE As( V) &b PRV B 5 B N (0~300 pg -
L) SRHEE AR KL AN Z 52, A 25 S5 o i 2
(P>0.05), ILAh, IE RS T , IR0E e & AR 0l 5
R As(V )b BE Y B2 (% 3 i g & 5, B ApE
AR As(V), MEEFRIEH As(V)IREH 150 pg- L
AEFR T d S R R R AR B B R T R AR
YE PR AR AR, 75— R R b ik Bl 1 e s Rt o ()
15,

BRI T v B A R B T BB E SR X A
W AR AR AMHE . IE RS IR AR T T
PBS ¥ 15 AT L B I R AR B e i A /% el P 2 o, AT
/MR T A TG g

S

[ #A0E, ok O b, 5. IBBESR BRI ik L B A 3L
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