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Analysis of phenomena for frequent occurrences of red tides
and bioremediation by seaweed cultivation

XU Shan-nan HE Pei-min
College of Aqua-life Science and Technology Shanghai Fisheries University ~Shanghai 200090  China

Abstract In this paper the history main events and present status of red tidle HAB harmful algal blooms along China coast in
recent years were reviewed and presented. It showed that the HAB' s frequency and scale number of HAB species percentage of
toxic HAB events and the degree of damages to marine environment and economy have sharply increased in China since 1960’ s.
Eutrophication was key factor for high occurrence of red tide. In this paper main causes of frequent HAB occurrence along China
coast was discussed. Many factors might influence the occurrence of red tide which included weather climate coastal current tidal
current water temperature salinity hydrodynamic and nutrient conditions trace metals and the variation of biological environment.
Numerous evidences from all over the world revealed the linkage between the increases in nutrient loading and the occurrences of high
biomass blooms. Eutrophication was one of the important causes that involved in high occurrence of HAB. The main sources of
nutrients potentially stimulating HABs included terrestrial runoff aquaculture self-pollution atmospheric deposition sea projects and
other pollution events in the ocean. Studies showed that the input from land contaminations and the self-pollution of marine aquaculture
accelerated eutrophication in coastal waters and were also important impact factors on red tide. Researches suggested that nutrient
composition could affect the species composition of phytoplankton as well as the development of some HABs. The changes in nutrient
supply ratios primarily N:P often resulted in shifts in red tide species composition. The correlation between cysts and formation of
HAB was discussed from the viewpoint of transformation of cyst and vegetative cell the effects of trace elements and other organic
substances on the occurrence of HAB were presented also. It indicated that the nutrient control could be an effective way to reduce the
risk of red tide occurrence. Seaweed would play an important role for decreasing marine eutrophication. Among the different methods
of red tide controlling studied seaweed biomass has received much attention due to the cost saving low sensitivity to environmental
and impurity factors the possible contaminant recovery from the biomaterial and its elevated adsorption capacity. Cultivated seaweeds
have very high rates of productivity higher than that of seaweed in its natural habits and grow well in water bodies with higher nitrogen
and other nutrients. 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. Large amounts of C N and P are accumulated into seaweed tissues

as they accumulate considerable biomass over a period of months or years depending on the cultivation season. When seaweeds are
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harvested nutrients are removed from the sea area. An investigation was carried out for inorganic nitrogen and inorganic phosphorus
concentration at Lusi Coast Qidong County Jiangsu Province in China where there were about 270 hm? for Porphyra yezoensis
cultivation with eutrophic seawater in recent years. While during Porphyra yezoensis cultivation from Sep 2003 to May 2004 the
concentration of ammonium nitrogen declined form 0.511 —0.778 mg L~! t0 0.006 — 0.057 mg L~! nitrite nitrogen concentration
declined from 0.010-0.040 mg L™'t00.001 —0.009 mg L~ and nitrate nitrogen concentration declined from 0.466 — 0.549 mg
- L™'t00.286-0.0568 mg L~' the average concentration of inorganic phosphorus declined from 0.024 mg L~' to 0.019 mg
L~!. Furthermore during five hours the concentration of ammonium nitrogen in the seawater declined form 220.88 ymol L™!to 8.
59 umol L~ by cultivated Gracilaria lemanaiformis and the concentration of ammonium nitrogen declined form 213.84 ymol L™' to
zero by cultivated Enteromorpha clathrata . Other bioremediation mechanisms of seaweed inhibiting the red tide microalgae such as
nutrients competition and allelopathic effects were also discussed.

Key words seaweed bioremediation red tide eutrophication
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1
Tab.1 The recent occurrence of red tide in the China Sea areas
ki
year occurrence times of red tide accumulative total areas main species of red tide
Noctiluca  scientillans Scrippsiella
2000 2 10 650 trochoidea Prorocentrum sp.
2001 77 15 000 Eucampia zoodiacus -
‘ Chaetoceros socialis Leptocylindrus danicus
Prorocentrum dentatum
2002 79 10 150 Skeletonema costatum Gyrodimium instrtiatum
Mesodinium rubrum
= Gymnodinium sp.
2003 119 14550 Chattonelta marina
Prorocentrum donghaiense
2004 9 26 630 Phaeocystis  spp. Karenia
mikimotot
2005 82 27 070
21
2
CNP
13-15
9%
16 17
z 6.0 x
10°t a~! 0.015~0.016 mg L'
5% 5.7x10° t
18
ca”! 3.1x10°
ta’! NO;,-N 70% NO,-N 1.5% NH,-N
28.5%
2004 2005
Fe Mn Cu Mg Mo Co 1145%10°t 1071
x 10" t 2003 $.7% 72.7% 2005
COD 1 012 x 10" ¢
19
VBi VB, DNA 94 59 45x 10" ¢ 4.0x10't  0.6x 10"t
20
2
2
Tab.2 Pollutants of main rivers discharged to the China Sea areas in resent years x 10% t
COD .
year phosphate NH, - N heavy metal As petroleum total contaminant
2002 397 5.0 224 3.0 0.2 6.8 636
2003 577 9.8 14.6 4.9 0.6 12.7 620
2004 1102 11 20 3.0 0.4 8.7 1145
2005 1012 8.0 37 4.0 0.6 9.5 1071
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N P BOD

Tovar

1t
N 14.25 kg P 2.57

N P COD BOD kg BOD 34.61 kg
N P BOD
3
N 27% ~ 28%
23% 1
N P
3
Tab.3 Rough discharge amount of pollutants produced by fish culture in
the China Sea areas of resent years x 10* t
year yield of fish N P BOD
1999 1057.9 15.08 2.72 36.61
2000 1033.0 14.72 2.65 35.75
2001 1014.7 14.46 2.61 35.12
2002 1022.3 14.57 2.63 35.38
2003 1028.4 14.65 2.64 35.59
3 1t N P 6.2kg 0.
6 kg 1t NP 2.2 kg
0.3 kg 1t N P
2.5kg 0.03 kg 2004 81 017 t
N “ 801 128 t 88 887 t N
® P 87t 291.6't
o 1999 119.4x 10" t
5.5 x 10" hm? 2004
146.8 x 10* t 9.2 x 10* hm?
4
1967 — 1980
50% ~ 60% 1981
2000 2004
10% ~ 11%
N
P
29 30
NP Pb
Au Cd Zn Co Cu Ni As Fe Mn O,

pH
31 32
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4
Tab.4 The recent status of seawater aquaculture and seaweeds cultivation in China
year 1999 2000 2001 2002 2003 2004
4
‘ . x 107t 974.3 1061.3  1131.5  1212.8  1253.3  1316.7
seawater aquatic products
% o - . 9 -
growth rate of annual seawater aquatic products 13.3 8.93 6.61 7.18 3.34 5.06
A 2
_ x107hm 109.5 124.4 128.6 134.5 153.2 161.8
seawater aquatic areas
x 10" hm? = = .
cultivation areas of seaweeds 2.5 2.6 >.8 6.2 8.1 9.2
dry weight x 10"t .
yield of seaweeds 119.4 122.2 124..1 133.1 141.3 146.8
%
growth rate of annual seaweeds yield 14.7 2.34 1.55 7.2 6.16 3.89
; 35
integrated
mariculture systems recirculating
aquaculture system
2 36-38
28 000 2.1%
Fucus
48.9 kg m™% a~! Eucheuma
40% =12 9003 — 2004
2 3 2 43
0.511~0.778 mg L7! 0.006 ~0.057 mg L1
0.010~0.040 mg L~! 0.001 ~
0.009 mg L! 0.466 ~ 0.549 mg L~!
Porphyra 0.0568 ~0.286 mg L~!
Gracilaria Laminaria Enteromorpha 0.024 mg L~* 0.019 mg L!
Ulva
G. lemanaiformis 5h
220.88 pmol: L~! 8.59 pmol L~! E.
clathrata 213.84 pmot L~ 0
buffer of
nutrients N P
bioremediation
4
34
44-46
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