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2.1 R ROAELER

FETE KRB IC R AN 1 frs, Hb Si t& &
HEis, R A AT 43.70%, HAA Si0, N
93.64%, KF T LLRT A ST A 5L 0 % N i 15 A o
JKH Si0, 7K. N P IR & AR Si TR 1%,
PIER BRI 21, SERE TR 472,
INTFHEKE FRER Y Redfield F o BRILZ 41, RE5e K+
Er i AR 5 B Fe 1 AL X PRI 25 2 18 v
PRI A G  EEA D, LIRS B
0.01~2.12mg/kg, fIKFIr 7 TURAY Tk JE K-

*1 BERNEZEUFTENEE
Tab.1 Chemical components of RHA
Si N p Fe Al As Cd Cr Cu Pb Zn Hg
(%) (%) (%) (%) (%)  (mg/kg) (mgkg) (mgkg) (mgkg) (mgke) (mgkg)  (mgkg)
43.70 0.32 0.15 032 0.07 0.65 0.03 1.13 1.52 1.84 2.12 0.01

2.2 FHBERWGES FaEBME
MAT M R B RE Sy B, BEMR LR BRI

54

AR OR, B IR e A R 3 B N (Paired r-test,
P<0.01), {HJ&RA0RE 72 K Ja B AL R e B B 2 A%
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MELELER 1R, REoC KRR RR R i RE 1T LA
Frel 3 AL, AR BRI 5 b 5 Fof ] 232 i e A1
(. 55 1 RIS ST MFIEARE) 9.46 pmol/L

HGEBE N2 23.98 umol/L, B 5 F§5¢ K AE K 4

Nutrient release rates and duration of RHA in seawater

JHL R 5.07 umol/L kR ER, 24 8 RLIG, fEfR
PRI/ 1.07 umol/L/JH . I E SR 4E o, MR
R R R U SE TR IR Y 1/10, B AR ER 19 R
WHRLE T PIJE i), POS M FEFERT 2 J& A A) B 14
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1.13 umol/Hfil & 2.63 umol/L, )5 4k+F— X Fa
ERPIRZ . 16 8 K25 PO; W 5% IR 20 281k
HH—2, BLAREST KT P OAE 2 SR ] N B R
KR, XF N EFREE, BT A FRAEIE & Z 18] 1) 4
Ab, WIS FE 5 K A B JE HL R R B R AT X
BB 2 (Paired t-test, P<0.01).
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FI Mg T2 1 B 45 SRBCT- Y an35 2 i AR SE i B
e 10 T A i 050 K TR 4 S A e A A TR AR KT
PIFFA 55— KKK B AR HE(GB 3097-1997)1

Tab.2 Concentrations of heavy metals in natural seawater during the sampling period

Cd(pg/L) Cu(ug/L) Pb(ug/L) Hg(pg/L) Mg(mg/L)
ER(EREN | 0.13 £ 0.05 1.22 £0.52 0.10£0.12 0.05 + 0.002 1198.25 + 76.63
T 5 E PRuR s+ U 0.12 +0.05 3.10£1.23 0.28 £ 0.08 0.05 + 0.002 1156.50 + 42.32

i e IR AE 1 7K v i it — B ) 5 rp R 4 i
AL 2 R, PR SEER A RAML, R Cd E
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MRAS S DAIZI0 3 AR P RS 58 O /K i 4 i W A 6 1Y) e
KAE 5K A5 5 4 J8 AR ARXT L, TH 1 kg Fi7¢
KK ZIREN BfF 300 L~9 000 L # /K Cu. Pb il Hg.

e A 7K T B T W B 4 T AR i W B TR
A Mg(B 3). FEIFIAM O, LA 1 RRgse K
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ZJE A RIFRE ; MAET 5 E PRup s 2w, 505
51 KT K ) Mg o R BRI ER %) 263.80 mg/kg
Mm% 435.90 mg/kg, N 7 fREFRE, MRS 21
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S 7.7 PN AT LSRR ) 1 mg (O RESERR AR W
117 L, FERRER TSN AT DLAR T Ak e AR ST A 7 L
Bl AIFFERME, 5 R N, PEFRIMEL, R
N NP F0 St BERS I ANAESE LB, I HHE g LAk
T R AR K A B 5 1
32 mAMRLS

YER — PR YR IR W) 05, R 5T K AT R I % 42
YRR E R A ARG Y BRI A . &
ERESBIEES, 155 3 BRI T + oK,
EAMREIKFEIFNESESES HRELES

56 WEPERLA /2019 4 /56 43 & /5 7 1)



HRIEX
3.0 4.5
a o o —o—Cu —o—Pb
/ ——Hg —2-Cd [ 34
o .
2.5 A
2.7
AN ™
2.04 W g/ﬂ F1.8 s
—_ © /n /A ﬁ)
&n Qy A 0.9 g)
154 o .
£ ; ; . . 00 5
> 6 12 18 24 z
& 54 54 %
S b T
O 4.5 \ F4.5
=
3.64 136
274 0\:\0 2.7
8
184 g g;%>< L18
094 g A L09
T T T T OO
0 6 12 18 24

B al/d
K 2 BRI RS KR ESE S A

Fig. 2 Temporal variation of heavy metal contents in RHA
soaked in seawater
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a. Haibo river estuary; b. International Cruise port in Qingdao, China
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Abstract: Rice husk ash (RHA) has the potential to be used as a silicate fertilizer to alleviate silicate deficiency in
seawater. This study was conducted to evaluate the fertility and environmental safety of RHA by analyzing the
macronutrient-releasing capability and the duration of RHA in seawater in the laboratory and by investigating the
temporal variation of heavy metals and Mg content in RHA at two coastal sites in the Jiaozhou Bay. In the labora-
tory, RHA released the dissolved silicate content continuously for more than 3 months, with rates ranging from 0.31
to 4.15 pmol/g/d. Phosphate release was observed only during the initial 2 weeks, whereas changes in dissolved
inorganic nitrogen concentration were not detected. Soaking in natural seawater for 3 weeks increased the concen-
trations of Cu, Pb, and Hg of RHA but slightly decreased the Cd concentration. This suggested that heavy metal
absorptivity of RHA was outcompeted by other metal ions present in large amount in seawater such as Mg. Our
results confirmed the potential of RHA as a suitable silicate fertilizer for silicate-limited eutrophicated waters;

however, the possibility to use it as either an efficient heavy metal absorber or a releaser could not be confirmed.
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