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Abstract: Seawater pollution caused by the release of cadmium (Cd) and arsenic (As) from industrial production is
increasing and causing serious environmental problems. Aquatic organisms such as diatoms have potential as

phycoremediation agent for Cd and As polluted water. Treating heavy metals using this kind of biological method
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has recently attracted great interest, and most studies have focused on the adsorption efficiency of biological
treatments to remove ionic pollutants in marine waters. However, the effects of Cd and As on the growth and
physiology of diatoms using these processes have not been clear, limiting the potential applications of the
biological method. In this study, the typical marine diatom Thalassiosira weissflogii were cultivated under
different concentrations of Cd and As, and their growth and physiological status were monitored and investigated
via cell counting, analysis, and morphology observation using high resolution scanning electron microscope. We
obtained cell numbers, chlorophyll a concentrations, and the Cd and As concentrations in the diatom cells from
culture medium to evaluate the influence of these two ions. The results indicated that Thalassiosira weissflogii
showed a certain degree of tolerance to Cd and As and was a promising phycoremediation agent. Compared to As,
Cd showed more toxicity to Thalassiosira weissflogii, with a half-maximum effect concentration (EC50) of
3.3 mg/L. Therefore, the Cd concentration when treating Cd pollution using diatoms should be controlled using
less than 3.3 mg/L. At lower concentrations (0.1, 0.5, and 1.0 mg/L) of As in the medium, the diatom cell showed
different effects on growth at various growth stages, displaying promotion at the beginning and inhibition at the
latter stage during the culturing processes. In addition, low Cd concentration increased the chlorophyll a
concentration in a single diatom, whereas high Cd concentration decreased the chlorophyll a concentration.
Moreover, a high As concentration (10.0 mg/L) resulted in a great change in the diatom morphology. Therefore,
Thalassiosira weissflogii may be used as a biological indicator for the treatment of As pollution with high
concentration. Notably, the concentration increment in chlorophyll a in the diatom slowed down at the stage of
168-240 h, showing that photosynthetic efficiency is reduced at this stage. These fundamental results provide
theoretical and basic data support for the application of Thalassiosira weissflogii in the biological removal of
environmental Cd and As pollutants.
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Table 1 List of ingredients in artificial seawater
gEwl BN E (g/L)
NaCl 20.758

Na,S04 3.477
KCl1 0.587
NaHCO3 0.170
KBr 0.0845
H;BO; 0.0225
NaF 0.0027
MgCl, - 6H,0 9.395
CaCl, + 2H,0 1.316
SrCl, + 6H,O 0.0214
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Fig.1 Cell concentrations of Thalassiosira weissflogii in culture media with different Cd and As concentrations at
different culture time
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Fig.2 Histograms of chlorophyll a of Thalassiosira weissflogii in media with different concentrations of Cd and As at various
time
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Fig.3 Field emission scanning electron microscope (FESEM) images of Thalassiosira weissflogii
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FHE (BRI, 2017), 3XFEAH RS G 2 B0 1Y

WA KRR, PTRE SRR ARG G, DI, E
PLA BT, AT ERMS As VBT 48 B
EC50 H, XARA Al BEErE T iy LRk, A
L E R R AR, T, WEEEEE As
EC50(96 h)/ii XF 10.0 mg/L.

TE As SLEH, AR PR a B
BER ) S0 A, As MG E a S RIE
TCH S . X 96~168 h 5 168~240 h FISFr Bk,
LI P AR a BERK T R T R
%, 5 Cd LI AIZSRL, VA5 78 41 M e Bt i
7 A B 8] B 45 20 4 M 38 KR 3T JC B B AR 1k, o
MR ATRE S 23R a 0 A G, 454G Cd Fl As 52
AR BN GE, IR Ea: OAM4E a &
TS5 AERSCR B, A EHECE X
SEMATE KA BRAL R, WOFE TR A SR A DG A B TR
Sl R RS, % R R BG BIr oR B AR S R AR
Jii) 4

As W FE R 1.0 mg/L SEEG 2, i Bl v 5 AR
X BT MBA (K] 2e ), 1 Cd 230 AH Rk B2 21 v
TR A8 2¢. d); As WEEESN 10.0 mg/L
S, MEEEROES BT BRI 2g. h).
S50 As IR UL AE BRI SR a A AR AR K
Bls, RIS As Rl X BE i TR S P AR AR
SO, AR AR AL TR SR R a BT DRI
JIf e 5 X5 T B 8 5 4 IR K A R B As T R
R 3 OR 0 VA R T D SR — P AR A 1) ) T B
L, Vs B KR As 15 5 B SR R EH,
AT FE— B W As 15 YL LE W38 R A

At As IARTE S B0E4E B KR (K 98 L
), ARAFHOXT I T Ve BRI SR 2R a S I GY
P4 7E 168 h B, WHIE As(5.0 Al 10.0 mg/L)ZRAN
gIhAE 10° MRS PTG R a STENEET
HAth2H, 240 h i} 10.0 mg/L M HA %S, 45
B EERERIRE S0k, HEWT R 2 S As it 25
(A5 A T AR AR T, DT (5451 359 B A i e i
MR a SR, £ E TR SECE RN &
e AR AL, Stratton et al. (1979)%F T~ JIE 3 A4 BF
58 IG5 (2000) T i BE I IE L B Gerken et al.
(2013)%F /INER B (R WF A0 A 12 S, (BAR DA iF 500
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(1) V4% 3 X — & W B2 Cd(EC50=3.3 mg/L,
96 h). As(EC50>10.0 mg/L, 96 h){4J HA = By i 32 1,
FE RS e i 5 b AT R A g R 5

(2) EEMRATRINAIE 0.1, 0.5, 1.0 mg/L)3L5K
4, Cd 7EWFHESE A [R) A 4 B BOG H A0 v 3 K 3%
PRI E 307, SR EE (5.0, 10.0 mg/L)SEH 40,
DUJ S 0 v g I A BRI VR D Cd X BB
MRS TSR a SR AERD 2 S, As 52
e, WREEER T 0.1 mg/L INF, R4 e 40 i vk i 14
K AZ ) — .

(3) VEEE A K JE W, 7E 168~240 h I [H B,
TEEBE T BT R R a I KECR SR TR, WL
T BE BN OB R TRMAIERE, N RKT
168 h Ji b B By B 1) J AR RO i L 2%

(4) RNFRHREE Cd 55 38 S sk e = L TR 57
1k, 1.0 A1 10.0 mg/L ) As ¥REE T K5 IR HE 0, G5k
BB L AW AR Ak, SO BE BT LIRS PR e ik
B As 15 YR B, B RR g EE A K R 2
WY s, (H AL EOh SR a i W EE RN

B RO R ARMUMIT R EIT . B F A ARFR
A, LESEBLWAREEERFARLRERE—
BER R . P EA R T N AL 3 B R BT R i E AT
RAFBEHRFAERINHZREGERBEARE
Fo I,
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