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2002 8 H 14 HEE W AR B O i K =575 2
A B RBEXN,HET T EERRERKE
AE. ARZERN LREHERE R, BRER
AU Im, HER 2.3m, b LB E K 32°C, K E
B 24°C, pH (50 8.7,

TEREIR A S50, AT &4 508, SRt
AR IR E) 13.82 x 10°/ml. R 3R KA
YRR R RE A B E (OH ), L (R
M 4.2mg/L,

1.2 ABiRRE

—RR A KGE LT TR AR B B b, H
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OH' EF B ME, HWKE OH EURBEMETER
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WEBIRN, RALL=4 OH h F B HF A HO, |
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2.1 RRFBEYRE

15 FE s P W8 38 L (B A o 4,2mg/L B OH' 1A
# ,30min [ B8 198 K B9 OH' Mo 3 B 3% 31 0.68
mg/L. fEMIA OH 24h 5 # 17 K, B 5 8% K ik
KAMEERFEYHREERMEF IR, &
FAH, R S HON 13,8233 x 105/ml 5 D
# 0.028 x 10°/ml, 7 ¥ % & 9 B IE & & F
99.8% , HHA 29 flr A I A K TN R, BOE
HRE 100%, HA#H HEHE M RT BR KRR
e HBEIT 96.7%U L, RTRERX
B AE TEARERERFRE, WA
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Tab.1 Data for killing the red tide organisms using hydroxyl radical in enclosure

A KR F 2 AKX 24h EFY HIER
AR PR # ¥ (cell/ml) #E (cell/ml) (%)
K B % P ¥ ( Peridinium pellucidum ) 3000 — 100
H % B 9 ( Peri. pallidum) 2000 — 100
S % 5 9 ( Peri. bipes) 4000 — 100
ZH BE( Peri, spp.) 3000 — 100
T ZH B (Peri. quiquecorne ) 9300 — 100
£ 4 [ M ¥ ( Gonyaulax polygramme) 11300 — 100
88 [ 5 B ( Prorocentrum tristinum, ) 2000 — 100
3 % ¥ ( Gyrodinium sp. ) 9300 — 100
¥ ¥ ( dinoflagellates) 11300 — 100
¥ [ #  BE ( Chaetoceros lorenzianus ) 2835000 14000 99.5
ZARIFE(Ch. curvisetus ) 2646000 — 100
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K 5 Z K 24h 5 FH BUL R
AMERTE Y JE (cell/ml) #JE (cell/ml) (%)
HEA R (Ch. decipiens) 223000 — 100
B K AR B Ch. terres) 63300 — 100
WEFARIFE(Ch. Didymus) 22000 — 100
FRFE(Ch. sp.) 14000 — 100
AR Ch. offinis) 314600 — 100
% T ¥ ( Nitzschia sp.) 5786000 — 100
#t A T ¥ ( Nitzschia closterium ) 60600 2000 96.7
H 7= 24T 3 ( Asterionella japonica) 601300 4000 99.3
BT ¥ ( Amphiprora sp.) 262000 8000 96.9
¥ 8 8 ( Thalassiosira sp.) 153300 — 100
il B % 3 ( Sheletonema costatum ) 680000 — 100
9 B ( Streptotheca thamesis) 8000 — 100
%575 #1 % ( Eucampia zoodianus) 4000 — 100
Hr4E £ 7 B ( Biddulphia sinensis) 4000 — 100
WS E B ( Rhiz. siolierforhii) 2000 — 100
4B B ( Hemiaulus sinensis) 4000 — 100
HE T 37 1K B ( Scrippsiella trochiodea ) 2000 — 100
WAy 1L K 3 ( Alexandrium sp.) 2000 — 100
JE ¥ 3R F ( Gonyaulax cysts) 2000 - 100
ZHER T (Prei. cysts) 2000 — 100
Bt 13823300 28000 99.8

R
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WHBENESERR G, RRETEAE R,/
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K o, OH LLEEE A F 0.68mg/L B, I
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BIHRE ao ANE 1L WZEMEM 10min
& BRI LA S K R K os6dh BRI E
a FR,MEEEERN S Bl A, OH Xt
BE o BWSBIUHREEYBEE—BUW,
2.3 OH XigkKR®MAARE

OH S 7K K B2 R SR BH 8 SCIR A5 AN % 2
B o

2 REXEAK RN REL RN E

~ 100 4 Tab.2 Data for the effect of hydroxyl radical on the seawater quality
-
w 80 \ R (mg/1)
3 WETH
w601 0 0.63
43 404 TR (pg/L) 66.6 1.1
& 20+ b (pe/L) 79.8 0.4
Ey .
0 —O—Hlo—'-o-'-o-l—
0.5 1.0 24 48 72 Znlpg/L) 17.2 68.6
- iy 0.4 0.2

WEAAT ' WOS R
Bl BEMHEE « WFW
Fig.1 Effect of hydroxyl radical on chlorophyll- a
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66.6p/T THEE 1. 1pg/L AUFF 1.65% , 82 EE A
79.8pg/L FR&F) 0.4pg/L, {{fF 0.5%, XZH T
OH WA btk WASER s ik sh g B AL 0 4%,
MEZENA K 98.35% 1 99.5% o T LW MR &
HKAELEYAFFMY R, CH 2 TR A%
BmaEHAbREmgmaEl, ik EmE
EMARES BTl OH A B 5 M /K JRAE X 5 1 A
SRS E, BIERT Zn 28N 298.84% , Zn
RABRTFEEANEORS THEETLET,
OH /AL G , M AN E D i i), X% In R
WRKS . M 509% , % 2K N5 W
FEA BB
3 &iF

REOME(OH JRARAEFLEN, TERA
R R SR R AR, R R
AR SaBER. FEURKBRPTREFEN
KA AR FAREETEEST R TFR
W TR R KA, B W R A 8 4. 2mg/L
PAE AR 0.68mg/ L e 47 LU B He i fr 38 35 0 TRk
A DL BOSE AR A4 99.8% ; OH L] L 100% 43 f#
EYEEMIT R R R P AR €0, H,0,0, FI L
PLEEE L HEY R, HARIEMNL 0.68mg/L IKE
MEBEEB BB 100 B ERNERT . £ HHE
f7r BT —BRANEEREMTHEE,
OH MY Al AP A2 M LUKE  ICEHE
HISCE HE K R AR, KRR R
R 6 BRI B B SRR A A i

B  REMALEY WHREERF—
WA T EXBE LA THROESR, FaaE
A B M BO B AN X3 EBUAML .
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TREATMENT OF RED TIDE WITH HYDROXYL
RADICALS IN ENCLOSURE EXPERIMENT

BAI Xi-Yao, BAI Min-Dong, Lii Ji-Bin', YANG Bo, ZHOU Xiao-Jian
{ Environmental Engineering Research Institute , Dalian Maritime University , Dalian , 116026)
( Key Laboratory for the Environmental Science and Engineering of Ocean Ecology, Sate Ocean Administration of China,
Qingdao , 266061)

Abstract At present, main methods for remediating red tide in the world are clay coagulation and CuSQ, medica-
tion. However, problems are: (1) excess of toxicity coagulants or CuSO,; medicament that would damage the ocean
ecosystem; (2) their residuals that are hard to break up and harmful to other organisms; (3) long time process that
takes 20min—24hours but is unable to apply in large-scale red tide in ocean.

The author tried to improve the remediation and studied a new method. With the physical method of strong
dielectric barrier discharge, O, in air and H,0 in seawater are ionized and decomposed into a large number of activat-
ed particles such as OH", 0,, HO;, HO; and so on, and then are dissolved into a part of seawater with the mass
transfer efficiency of 98.8% to produce high dissolved hydroxyl radical (OH) concentration of 4.2mg/1.. Hydroxyl
radical, as the strongest activated particle, occurs all kinds of biochemistry reactions with big molecules of biology
and organisms about 1.0s duration, which belong to a dissociative radical reaction as 10° times reaction rate as con-
ventional medicament.

A special procedure based on the strong dielectric barrier discharge and plasma chemical reaction discussed
above is designed. An enclosure experiment performed in a funnel-like polyethylene filmed parachute hanging in the
sea surface in Jiaozhou Bay, Shandong Province, China. Highly dissolved hydroxyl radical is sprayed to the seawater
from the enclosure to kill the red tide organisms. 31 kinds of red tide microorganisms in 6.0m’ fencing are as follows :
Nitzschia sp., Chaetoceros lorenzianus, Ch. curvisetus, Skeletonema costatum , Asterionella japonica , Thalassiosina
sp., Ch. affinis and so on. As a result, when dissolved hydroxyl radical concentration is 0.68mg/L, the sum of
red tide microorganisms decreased from 11.74 x 10%/ml to 0.028 x 10%/ml, and the killing efficiency reached to
99.89% . 27 kinds of red tide microorganism, such as Ch. curvisetus, Nitzschia sp., Skeletonema costatum , Tha-
lassiosina sp . and so on, were reduced to the lowest limit of measure. Chlorophyll-a was very low beyond the test
limit. In addition, hydroxyl radicals can improve the water quality of ocean by purification. Nitrite and ammonium
salt decreased 197 times and 60 times respectively, COD reduced to 0, turbidity reduced by 50% , and DO was up
to 77.2% due to the decomposition of the residual hydroxyl radicals. Further Bodies of red tide organism were de-
composed into CO,, H,0 and inorganic salts. Therefore, killing of red tide organism using hydroxyl radicals is a
“green” method leaving no any minus-effect to ocean environment and ocean biology .

Key words Red tide organisms, Hydroxyl radical, Enclosure experiment
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