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Tab, 1 Estimated kinetic parameters for NH,-N uptaking in different interval
Fih e S s ) ] ol C ) Tie AW 2 (pmol =g~ 1 =h™ 1) A pmol L7 R
type interval Vs Ko
H AL N-limited 0~1 116,47+37.31"** 439, 70+ 372, 12 0. 81
1~3 53.03£10.71" 268, 76 £43, 95 0.95
3~5 52,81+21.52* 528, 19+ 375, 26 0,98
5~7 24,32+13. 54" * 199, 49 £ 210. 07 0. 95
7~9 24,290, 83" 166, 87 £ 25, 39 0,99
0~-9 49,99+3, 35" * 385.42+115.73 0.97
EAf A N-replete 0~1 159, 40+£31. 70" * 913, 61 =341, 84 0. 94
1—3 58.19+2 39" 360. 74 £36. 74 0.97
3~5 32.43+£2.08" 227,07+ 54,51 0. 98
5~7 29,3512, 97" 143, 60 = 51, 24 0, 88
7—9 23.221+6.45 255.30+118. 69 0.91
0~9 44,22+3.86" * 291.11+£23. 24 0.93

¥ P<0. 05, ¥ # P<0.01
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1) — 5 PRLBE A W2 AC o S ik B — M KAB T4 5 K
R T F o # .
2.4 EIEX NH,-N R zh hEHE

T 1A WA A 2% it A (] 25 e b B ) 7254k
MEFEHRE y=ax® +br+c, Hrp y {UREF
AR S 2R o AR RO A e . AR A 1
Bl 2 EHLIA  F3 5 h PIAS ) e 1 8 Xt
NH,-N ¥ — if [ W e 3h 1) 2 5 i 45 R L3k 2
%% 3, Hh 3R 3 A 4A vk BE A9 NH,-N
FE — el e sh 2t B S A G .
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Tab. 2 The kinetics equations of NH;-N concentration-time

and correlations in different density

WA (g L7 D) Wi sh Ay 2 Jr Ak

: S ; R
density kinetics equations
2 y=0,15x* — 12, 32x + 280. 27 0.91
4 y=0.55x* — 22, 45x + 271. 64 0. 96
6 y=4.01x* — 47, 25x + 276, 20 0.99
8 y=3. 13x* —51. 49x + 281. 06 0.99
10 y=6.38x% — 67, 15x + 262. 77 0.99
12 y=9.59x* —93. 41x+ 278, 58 0.99
16 y=10. 20x* = 101. 66x + 290, 54 0.98
20 y=16. 68x* — 138. 58x + 289. 75 0.98
24 y =20, 15x* — 158, 70x + 286. 60 0,99

£33 FEBHREN NH-NRE—HBERKEHHZFERBEXEER

Tab,3 The Kinetics equations of NH,-N concentration-time

and correlations in different concentration

RSl ] NH,-N 2 e [ (pmol =L~ 1)

W e sh 2 Rt

type NH;4-N concentration Kineties equations R
PR N-limited 100 y=1.80x% —27. 76x + 123. 21 0.97
200 y=2.69x* — 43. 35x + 255. 01 0.99
300 y=2. T4x* — 49, 20x+ 387. 75 0.99
400 y=3. 73x% — 64, 37x+ 507, 52 0.98
500 y=4,54x* — 78, 41x+ 622, 19 0.99
SR N-replete 100 y=1.04x% — 20, 01x + 116, 61 0.98
200 y=2.23x% —39. 34x+257. 15 0.99
300 y=3.61x% - 57. 81x+407. 92 0.98
400 y=2.76x* — 60. 72x + 501. 76 0.99
500 y=4, 13x*> — 75, 09x + 612, 83 0.98
3 e FBRE R ROR R T LA F) 89. 206 AU A A1

VL —F B S R PRk R rh 09
. HARREA AR A AR L EFRL
YEH . % BRI BESE T 4033 BRI Rl (G.
tenuisti pitata var liui ) %F%FUPFRGEIZHEK 16 B2 K
FIREE NHY \NO; (NO; Fil PO~ 1y W Wi B it 5
Feoal i A R U A 30 g L1, 3%
NH, F1 POP~ 4 0F B fife 58 43 3 & 69. 6974 Al
92.62% ; BEFFE B T AN 5 UL HE
R R AW FE L % NHL-N F PO,-P i)
R LRSI N 8.7% F 70.4%;
Hernandez %' 5256 36 W, 76 ZUPR 1 4 14 F 103

TV Y 22 B 2R R 86. 554 ; A< 5256 Hh FLIT.
HAE 5 /NI P9 2 BR & R AR T Lk F)
99. 77 %6 » 6 I FLYLEE 25 B AU 35 3 T L
VL R AT RRITR .

Y 3G BE X NH,-N W U 7T 43 K = A B
B S ) A PR A PR R o ) R i TR
BB A AE TR I ONHL-N R B i IR
AR WAF A X — A, X =AW BEAIE A
S8 AR T YURCIR 25 A0 g 35 2 T i Ah A NH-N
A A AR ) U2 ) R L i . e UL
FROIR AT A2 B i B R S 1) 20 o A B s 2 1Y
Tt 3K R R X Ah A v s SRR AR AR YA
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I o ZE R AR o B0 1 5 a0 — 25 2 WA LARIR
A I VR e AE 3 X5 3% R 4 FR b B 3R T e it
SEXF NH,-N 81 H o i) i A CRE 77

W N OGRS N WK B 3Rt a] | LA
B AR 2 LR IR O i SO A AR ¢
Fo RKAVHGHE N W SOH 32 5 8 37 4k vk B 2 [a] (1)
KE—MEIEKRIRE) 2TV = Vo o C/
(Km+C), {HALTF N YU LA AEYURR &
(ARS8 ) 114 e S5 M S S B0 P A 52 4 <1 X
— B SRR AR R s R % . BB 5T
T WX — I 1 T8 n R W A LA 3 i NI e
AR AR N JE I R4 s FF B B B e BRI S
Tk ih TRV ™4 /9 N FE 525, b 5 (Y
o M S U 2 fh T A SE A N FE Y RO T N
AW SCHE AR, i 2 ph A 0 7R v R s il A i
W, B A A BE IR R 0 T FE W I R T .
Tyler #il McGlathery®! i — 5 #& ] 3] G.
vermiculophylla WY [F) fk 3 & 2l (32.3 £ 7.2)
pmol Neg dw™ted ™. K2y 672 1YF-44 H Szl
AR E KA

A — 7 3 L P e K W A S il NHL-N A it
Ve JE B4 T T KT SRR AR R R A
AAE 100 pmol e L' NH,-N 4 5 e Ji 3t B A 40
B VT TR Tl v R0 VR A T R L MR B
100 pmole L't K (2. 58 pmoleg ™' +h™") : Xl #f
SR ROt 75 1 )R 45 SR ZE DLIRAR 285 A
25 C A T BT B NH,-N K%
Wi SR ) B AT R 35.0~230.0 pmol =g ™' -
h™', i B R IR 5K A S A I E A
250 pmole L1 28 8 g5 2, i A Sz g NH,-N %)
B ERE T 100~500 prmol« L' 3 F , i £LYT
0 W R AT SR B AR NHL-N e BE 4 5 17T 3
I s e KW Wi R AT Ak F] 23, 22~159. 40 pmol *
g ' h T CEYUFCIR SRR IR 20 “C /M4 T) XX
Frw BRI E AR RGO ESBE R
A B S RE R E .

EA PR, 3K % B 5 NH-N RBR%
FRIBIE L T 5 WO R — R B R e R . |
T FHREE AR B RN RS, — MR, 3
R R BR R NHL-N 25 [ 280 38 k5 | I ) 8
(LI KK A el A 5 R 1A 8 o TR A 97
SR . A il T S A B s SR ) AH
ST i A2 20 () Ol i 38 e 4 i 553 » 22

SO SR T R RE S AR AR R AT
TR PR FHSCRAR BRI aAS . (H S
W R SRS B I, MRS BTG, AnAS 5256
2ge L7 R4 ge LR EEAAESS 1 /N AR
R A I 156 9 A o o AR B — o
s BEAAA Rl B A A RSO 35

A KB FEIN o 3 K % 2 A 2 000~ 3 000 g-
m I A K A Xof i G » SR T A TR Y 4
VI FA 7 B )R 1% %% B2 R 455 7 500~1 000 g-
R A A 3 TR AT B L s A 7R
X Y ECOVL B R Ky % B T LLGA 3] 1400~
1800 gem *,

T XS B Tha ¥ X B4F A] A 7= 258 t {1
B (G, chilensis 8%, G. tenuistipitata) . i i T35
ek AT 2Bk 1 020 kg & M 374 kg B> %) . HAj
FREFE T N TAR IS M IV (G, tenuisti pitata)
FTHESREEIAFE T 5000 kg hm 2%, 43T
TN F1 TP H #8445 4. 837% F1 0. 285% ,
i 1ok 0 B VL SR B AR N A P BR 24 4353
J3 242,14 kg hm %, 2006 4F, AR EH A% 1L
P DR B (0 BCVT B R AT T U i AT LA
FI & 100k 4. 64501 0. 548 %4 . W B+
VT, AT LA X A B 2% 46.5 kg A A
5.5 kg W, 7T WL FLVT 3 HLA B L BRABERE A
Hig XA S B E8OREHR B.3% . 2006 4F 8 — 12
F RTINS R T AR XS i T 4 1L DXk
TP S T AT TR B LT 6.5 t
FLVLHE ., YRR 2 P R VL8 ] ik ik op
NH,-N ¥ JEFEL0. 36 mg+ L', 1fijgPr NH,-N ¥
bhr N 0.294 mg e L', K& NH,-N ¥ &
0.30 mgeL~" FEFDLTACIAS H GF M8k ok ik
K A L e 4k ® T — 11 S KK BLbn i g
XEW D A 4.5~6.0 m, ] UL BT 8 3551
X P O X W E SR AE BB EROR
W,
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Study on NH,;-N removing efficiency and Kinetics in
Gracilaria asiatica

WEN Shan-shan', ZHANG Han-ye’. HE Wen-hui'. ZHANG Yin-jiang'.
XU Shan-nan', HE Pei-min'
(1. College of Fisheries and Life, Shanghai Ocean University . Shanghai 200090, China;
2. East China Sea Fisheries Institute . Chinese Academy of Fisherv Sciences. Shanghai 200090, China)

Abstract: Eutrophication caused by mariculture has become a serious environmental problem,
Seaweeds would play an important role for decreasing marine eutrophication due to the cost saving.
low sensitivity to environmental and impurity factors, the possible contaminant recovery from the
biomaterial and its elevated adsorption capacity. Seaweeds are able to absorb large quantities of
nitrogen, phosphorus and carbon dioxide, produce large quantities of oxygen, and have excellent
effect on decreasing eutrophication. In this paper, ammonium nitrogen removing efficiency and
absorption rate by Gracilaria asiatica with different culture densities were determined. and dynamics
character of ammonium nitrogen uptaking at N-limited and the N-replete situation and the effect of
different initial concentration of ammonium nitrogen on absorption rate were studied. Gracilaria
astatica was collected at Xiangshan harbor., Zhejiang province, southern China, and cultivated in the
laboratory. Samples of the alga were maintained in a flask with 250 ml. seawater of 21 salinity. The
alga were cultured in culture boxes at (20 = 1) °C, under 60 pmol+*m *+s! illumination, and on
12 h:12 h light/dark cycle. The result showed that the ability of ammonium nitrogen removing was
enhanced by seaweed culture density (in 2—24 g+1."!) and experiment time (in 5 hours) increasing.
The highest efficiency of ammonium nitrogen removing with highest density (24 g+L.™'") of G. asiatica
was up to 99. 77% after 5 hours. Ammonium nitrogen concentration declined from 300 pmol+L"" to
zero. The ammonium nitrogen removing efficiency with lowest density (2 g+L.™') was only 20%.
Higher ammonium nitrogen absorption rate (30 — 41 pmoleg '+h™') was kept in different density
groups during initial culture period, especially in 16 g+L."! density group, then decreased with density
increase. The maximum uptake rates reached as high as 28. 33 pmol+g '+h™! and 18. 85 ymol+g '+h™!
at 3 h and 5 h, respectively, in 2 g+ L.”' minimum density group. The lowest ammonium nitrogen

"t and 1. 90 pmol+g ' +h™' were obtained at 3 h and 5 h with the

uptake rate of 11. 70 ymol+g ' +h
highest density group (24 g=1.""). In initial concentration experiment, maximum uptake rates (V)
and half-saturation constant(Km) of G. asiatica at N-limited and the N-replete situation reached the
highest value, 116. 47, 159. 40 pymol+g~'+h™'and 439. 70, 913. 61 pmol+1."" in the first hour, then
they declined from 24. 29, 23. 22 ymol+g ' +h 'and 166. 87, 255. 30 ymol+L""' with culture prolonging
from 1 h to 5 h, In initial concentration experiment, ammonium nitrogen removing efficiency were
increased with initial concentration reduced in the range of 100 — 300 pmol+L "', especially with lowest
ammonium nitrogen concentration (100 ymol+L.""). Ammonium nitrogen removing efficiency kept in
56.7% — 67.4% with 300 — 500 pmol * L' of ammonium nitrogen concentration. There was no
difference for ammonium nitrogen absorption of G. asiatica at between N-limited and the N-replete
situation. Within 300 — 500 pmol+L"" of ammonium nitrogen concentration, a fast absorption rate of
G. asiatica at N-hall hungry situation presented in the first stage(40.7 —102. 1 pmol+g™'+h™"), and

almost had a positive relation with concentration. which was not fit the Micheal dynamics saturation
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equations. But, within 100 — 200 pmol+1.”" of ammonium nitrogen concentration, the uptake rates of
G. asiatica were as low as 17.8 — 40. 8 pmol+g™' +h™'. When the concentration decreased in some
limited range, the absorption rate reached the maximum and fit the Micheal dynamics saturation
equations. It would provide important theory data for cleaning water and bioremediation by cultivating
G. asiatica, and large-scale cultivation of G. asiatica could be a good solution to the problem of
eutrophication due to their capability of removing nutrients.

Key words: Gracilaria asiatica; NH,-N; uptake kinetics; bioremediation
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