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Treatment System of Ballast Water in Oceanic Ships Using Hydroxyl Radical (*OH)
Based on Strong Electric-field Discharge

CHEN Cao', MENG Xiangying', BAI Mindong', SUN Jian', MENG Fanpeng'
(1. Institute of Environmental Engineering, Dalian Maritime University, Dalian 16026, China;

2. College of Environment and Ecology, Xiamen University, Xiamen 361005, China)

Abstract: Exchanging ballast water from ships might cause the interactive bio-invasion of different seawater, and break
ecological balance. Therefore, we described a ship ballast water system which generates hydroxyl radical from strong
electric field ionization discharge. The discharge at atmospheric pressure could ionize O, in air and gaseous H,O to form a
large amount of oxygen active particles, which were injected into a tube of the ballast water treatment system to generate
a high concentration of *OH solution through the cavitation effect. The *OH solution could kill harmful micro-organisms
in ballast water quickly and efficiently. Test results showed that, after being treated by the system at a flow speed of 10 t/h,
the single-cell algae and bacteria in ballast water were almost completely eliminated, and the micro-organisms did not re-
activate at 48 h and 120 h. In the treated ballast water, the concentration of malondialdehyde (MDA) obviously increased
while BOD and COD decreased significantly. According to the MDA test, *OH probably kills algae and bacteria though
preoxidating their cytolipin. The treatment can effectively lower the pollution from the ballast water.The results indicate
that solution of high *OH concentration significantly improves the quality of ballast water, hence it relieves the environ-
mental threats of the ballast water discharge on local marine system.

Key words: strong electric-field discharge; hydroxyl radical; micro-organisms killing; malondialdehyde (MDA); lipid

peroxidation; water quality
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Fig.1 Schematic of the formation of micro streamer in

strong-field ionization discharge
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Fig.2 Schematic diagram of the reaction for strong-field ioni-
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Fig.3 Schematic of ballast water treatment equipment
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Fig.4 Different concentrations of TRO decay within 120 h
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Table 1 Five days ballast water treatment experiment result 1

— TRO JF kg M50 B fmL ™!
K 5 5 RTT— — — — - -
N(mg/L™) KEKHUE B L lIpN: FIFEEE Ji KRR R
00 d) oyt 0.26x10* 0.18x10* 0.20x10* 0.28x10* 0.20x10* 1.12x10*
LA 22 0 3 1 1 6
4802 d) oyt 0.20x10* 0.15x10* 0.16x10* 0.22x10* 0.15x10* 0.86x10"
sc iy 0.36 0 0 0 0 0
oyt 0.14x10* 0.10x10* 0.11x10* 0.11x10* 0.10x10* 0.56x10"
120 h(5 d)
sc iy 0.00 0 0 0 0 0
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Table 2 Five days ballast water treatment experiment result 2

BVEU% % /(CFU-mL ™)

_— TRO SR
K o — L
BlmgL™)  KIkw  pEkE A4
payistiity 091x10*  0.65x10*  1.95x10*
0h(0 d) )
AbERAE 22 0.33 0.21 0.87
payistiity 0.90x10*  0.62x10*  1.91x10*
48 h(2 d) )
Sty 0.36 0.15 0.10 0.45
payictiity 0.87x10*  0.60x10*  1.86x10*
120 h(5 d) )
Sty 0.00 0.11 0.08 0.36

BREA LUK SR AN SUBTE B B2 3 h 0.91x10%,
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TRO JFE I T 5, e 3K H 40 11 1 e vk 250 i B
THPRAC. BRI B R R S 1 Bty
PR 2 TR 335 2 5 A A PR PR B FR R A
7 TRO TR EL S 1.5 mg/L I KB T A Bk
BR84SR R I E L R Bt nia .,
TRZ5 5y v LR B4 1R S s TRO Jot ik i SEAIG,
HAET B s, 1K i T 5 RS Al AR L
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7 TRO X4 I ESEH M
Fig.7 Effect of *OH radicals on bacteria
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mg/L 5T A 5 DX TR I 3808 4 9ok 22, fe 25441 2.0~2.5
mg/L X3 [l MDA WK JLT- AL DL B 45 5L,
BEAEFRIERIIMN, IR B, AR I AN A T 7
PR R AR A A RN, A T o AR AR T
X—FrBt MDA K& =4, A REER T =,
A R B AW 2, e, KEZREC
ZARERIEZE B 5 38 ME, MDA [ 35IE T4
TP8E, %Y TRO UsiKEIAF] 2.0 mg/L I,
WG 2687 40 i 4 g b 58 42, MDA EANRE
7. MDA LA I 5 2 Hi o0 B EUE AR E
PR —2  H LR R 0 5 40 L Y BOE 52 e mT LA
A0 A4 S P A A A R 5 B

5d ISR IR A A, Wik 3 PR,
KL AR FIALEEAE, 3 MUK TS E: BE.
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J (R A B R R A, AR TSS ik
K 9 /D 48 A0 3 JiR HL V7 (oxidation reduction poten-
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FRE. MERINEE SRR, AP S F 80K 4L b i K
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AL Dk, KRG RE AN R B, DRI 2R
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Beilr . WG — AT, WIEREETIX b RE
JIHAk,  Ab PR R 20K A Re R A i il K b
BER AN B AR IS I R A

Ak 7548 8 (biochemical oxygen demand, BOD)
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J5 B A BA o JE T DA EAS I 25 5, v LA 4 «OH 1] LA
AR DR, HH KA

4

1) 5d R KAEBESERAEE, 1.12x10% mL ™" 1%
BRI 1.95%10% CFU-mL™ [R4H £ 1h 10 ¥235 [ iy Jk
AP RS AEAS P REA RIS SR B, BN
Nodes <10 mL' . AN <1 CFUmL
HIERIT 100%. Jf Halik7E 24 hy 48 h, 120 h i
) e PRI, S ARG I B A B 0 2

2) MBI MDA IR FE IR IIAENT, «OH
Refg 1M I Mo g B AN RIR IR, 5 &M sk
AACHITERIR R A, P ER B L2 4) MDA
M A M, fe REdifuser . (HiX—3Ut
WU EARERRA 75 L5 S 2R AR I o

30 MFRIEARBEHT 5 AT R0 LA AN HE B,
OH fig g A7 AL B B MR K Hp 5 3, 1KY
ER . ARBR G 8K Iy Y RE B FRAIK, KA 3] T
I = N (DN £ AT W) €2 3)) GUR sl P E B
JBOKIE R EE R T o

4) WFTEE RN, R AR SR I BCR )
Jiik, PRI B R, AR MR L SeieE



2244  HERAR 2014, 40(7)
® 3 ORI R KRS ER S B
Table 3 Water qualities change after ballast water treatment(high salinity seawater)
LN SR Nyl
. - s VIR RER s coD R BOD SRS
FEA Wi/ C /PSU pH /NTU Pris=%73i 3 Pis=¢7:3; 3 o /mV fmgL™) fmgL™)
(mgL)  JmgL™) 5 i i
Pty 21.83 32.1 8.02 1.53 11.5 5.68 154.4 2.4 3.09
bR 0 d 21.85 32.1 8.01 0.63 5.7 6.27 495.9 0.8 0.91
JbEE 2 d 21.97 323 8.03 0.62 55 6.02 168.7 0.8 0.89
JbFE 5 d 21.92 322 8.02 0.60 5.0 5.81 165.2 0.8 0.87
Kzt e . =S R KIEEN R W), [(14] @v ¥, sK2W, TiHhE 45 R DBD it S as 4

FEdk B i R BOK AL B AR S
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T R R RS
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