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ETERAAZERNESRKEDRAUEA

Aow, RAMYT, & A, o3, BREY
(1. FHPEEASE WA SRS 105 2013065 2. MRV IAUAA SR BTS00, L 201306)

i . (PR KRR 42 ] 545 B 29) D-2 HEORR X HERE Ok 10 ~ 50 wm A2 4 R 4%
T 50 wm A=W MR A ER R M B A LR 5 AR R T R SR F A [ O B R R
Ji 38K A BRA T I EERITE (LA % F 280K PP AR A T SR A ORI, e DR AG I 19 A7 AE [ L, A48 T
FI A FE P _E T LA 32 2R 00 05 32, A0 B BB WL B8k U LR RO 4208 R 0 T AR A Ok |
MPN 3% SR A LA R JURR D7k A DB ol PR R A s 2 DR A 0 o g BRI P o 66 T DRl | v e
THFER/IN A SRR R AR AL U MR 5 2 H BBl & 4 J88 T3 11 IR 80K A W R A 1K 7 1 0 N 24
AN HEC K A2 RO A TRANIUE , AR A IS AR D, (R A X s 280K HE O A 25 R G A B A

B, PR S i o 9t 58 07 TR A WSS
KA TR Kl AEPER
HESES: Q89; S917 XEkARER: A

FE KA TEAARALA T b A b, PRI A AR
IRz K R BN T TE A ke Y oK
S B ey . B A B AL K
A 7K A A ) BR B A0 2 4R T A . R R AR
A R AT Ik F] 7 000 R X R 2R K HE
TECHE A8 A W) 22 R R 22 % N 2R At R 3t 1 R
Flbo VR Kt B0 R W VDY K fE 2 -
2004 4, [E R A (IMO) A A 1 € B A
FEBUKFPLR Y G 58 A Z)), BER S
O BEA AR S 2K AN TTRR YR, D A7 K A AR
Pixf 20 AR AR EREE DA B N S fit R R 1 1 o
2017 4209 H 08 H , A2 ERERL

NPT 22 F 5 — IR, L K 7 A
ANLEATI 14 FedEm o Hodr BN D2 #8534
FOKPERERRE , HAEANALE T HEBOE Bk i i
AP BN R R T B ST 50 um AT A
WAY/INTF 10 A/m’ 5/ NUSHNF 50 pm fHK
FLETF 10 pm R AEEEY/NT 10 cells/mL, £
FLINE (01 A1 0139 #) /NF 1CFU/100mL, K

Wi B EA: 2017-12-30 f&E HEA: 2018-04-01

BA R /N T 250 CFU/100mL, 738 Bk @ /N T
100 CFU/100mL, H 45 E & A dh E 4
ZK AL RS T I RIS, (EL AR X R 2K i
AR T A 80 DN s L 2 P el A Y 5 A7 AE AN
AR N P AR XA I 452 AR HE AT B A R . A
AR T H AT F R oK A Yk i i 7 vk S
il AR A, I R 8K ARyt R B o T —
L5 9

110 ~50m A= A4 A

1.1 EFRF4HHENEN T X
LT Bisess

BT WL 55 1k e — Tl A% S 1 5 U0 A A
GINT TR . NG A AR I B T OHE
L, EE UTIE T uE E I R R BT e
AL A A0 S R AR A R R R
iR 100 ST 252 A W A 3 P B TR
BAF PRI s T [ , LS, AT T v T
DISRAE WIS, 43 AR W R S g, J2 B il
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I T R HOK ST B Al T d R — A
i AT R PR AR

SR, 32 B F S 355 43 Pk, 5 40 O 245
REAEA B I AS BE v A 100 9 031 40 e v 4, IR, T
DA P G € 55 5 440 PR AR A 5 4 £, ol B ARG 00 B %o
RN AT 5 . B AT — B F R K 10
~50pm A=W Y ) BT LT YR Sytox Yy
R HERE LR (FDA) F1 5 - S B HOLR
T FEREE (CMFDA) %,

HPE 2T 2 — B T AR et T AN I RE 8 K
S M T I R R I AT A
SN S5 A 25 BH B T, SRR IR T IR R &
A VL (R 2 B AR 4T, (R BE T A i
2T £ 45 A SR 20 A 45 G, e i 2 R
S A A R B, R o R
AT LR H K v A it A T g 8, AT X 36 A 2B 9
HEATORE o E g bR 25 A2 P T v B LA % 2
e AR M K, I b4 B — 2 i
P, MR L e A S e

STEPHAN'" ¢4 Fi| Fij Sytox e 3 % JE 2% 7K
10 ~50 wm A= 9 FF R T6 PR 40 B AG I, Sytox Y5 H
REREKE ST T2 e €, 1) FH 25 D87 %o 37 4 240 i
EF TR, AR By e 2 X R A T g £
TCSRAET-Z0M A58, SR I b FRRE SR BT A 40 i A
BE, PR Y £ 10 53 B0 T 40 M AN 550, W 5 AH R Sy
FES TG RAEM A4 SR O BN BB,
ANREX 43 TCEFHRE I TEANAE”

FDA 1% [ H 27 8 50 5 40 i T 5, 320 A 41 i
JEA: AR J5 32 BRSSEEAE F L o 8 O R 2, 98
FEFERBE B oy Hh o A0 R, PR R SR AE A
TR AR B IR T, P AR s, o T
TR ASRE S R FDA, [H b G986 7= At 71
CMFDA 7] DA 5= 4% 21132 i 2% 3k 20 M B 0 95 1A
M P, e S B 1 35 11k 2 P L S P
Fig K it , AR 5 — SR PO Honl & g fa ok
. HEGFH FDA Fl CMFDA A X} JE K H# 77
Tk A T 2L [F g 0, AR 98O0 0B T AR,
RERSIE T Ay HE A I pE TG . IR Hnl A A R /R 5
ARG R A ] R, T AR IE R S A
NGB F) o % TT IR ASAE T A e 50 5 o
N AR AR, et Bsf ) (20 min) |, 58 [ FRBE A4
P13 (EPA ) g 5l P Il 32 06 HE 0 28K
10 ~ 50pm A= ¥ 7 JEAG I (E ) R O o vk

I, FESO R IR BRAR LT 1 X A W) A S kAT
YT T ERME T [E] 2 B AR A S, JF EL
BRIk NIVA S50 B AT 4 Y, A 2605
200 DR Ay 00 L R 0 A A, B S Y I 2R A
D AR RELRUE CMFDA 1 FDA A #E A 20 it
T, AT ] BB R 1Y 16 1A 200 i 1 15234 S BB
M. fEFEEINR (UV) BRI EOR B AR IR 20K
EHLAR G (BWMS) , FI| I 58 S1 55 £k 450 K 41 1 19
DNA S5R39 ot , (B RE 2SR 55 /N o35~ ) JoiAy v]
REATIORAAAE A 27 0 045t CFP A0 i R AR B
W EHE 2k 5 ), HAEAEE¥ M
HERA, Cgen] UK SET-" (HAE T CMFDA
1 FDA Gea ], HATI A ] R & Hh 90, T3 2
S T A2 w0 OO NS B | 18
STEINBERG " % 3 111 165 7 J5i Y i ( Prorocentrum
mican ) \ffi 2 W 3 ( Peridinium bipes) AR ET 78 B
- 38 ( Scrippsiella  trochoidea ) L) Jt #E & J&
( Dinophysis sp. ) S54E B R B A 9, HA st - f5
WHEAE RTINS, Fir DA, FEVPAR (T UV 2R
(1) BWMS i, )i 3 G il b 7k o

ARSI AE A i 30 A B ) 854, 1
18121 8 22X U MR AT It , L B A AR
Hh S0 A R R 3B A R ) S D e i )
DR b, ROR 46 5 1A i ME 25 B[R], BC & 2 35
B SgR R& g, v DU R 4708 OF H B A
B TSR (H T A [m] #9 AE ) BAT A ) 1 47t
ASTERE T, BRI B G 5 Y LA SRR T, PR IEAS
[) A= WU FP AR RE S BE AP AR IR I |, o5 ST S itk —
P

N PRI Az W) AR 8 B /I RS T HE 75 2%
I A AT T TRAN R 232, R M SR AG I D1 A
Xof Hs 8K AR ) AT b 28 M 5 I, 30 S BE A% UE A
AR BT A= W R s B BT Rl i 73 20
AV IES=RIUR SRl T o e DR R T AT € VR 2 s
I, — M FEAR H BT H il R 2 0 i 40 il R
N, BRI % 1, IF HAE B A L b 4 i O AN —
JE REWS 5 0 Hh H e/ N RO 4, 2 B0 125 0] T
SRR i A0 L RIS, I ELARE e e YD T
) BT 2 AN T G 18 U 200 i, X ARG DU 5
e —MRK I F L, HAB AT 450 25K W, TG
BERSIN T AR AANE E M. FE S 7R T ROHE B0E
HREAR A0 2R BB X B O3 A1, L 2 R & 2R AR
W22 N R R AR A — 2 Y 3 0 L, B
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R =5 B A 5, 23 AN T R B A 7 AR R
22 AETAE I 2 LI HE PR TEE R, 77 A= 10 1% 22 X
R AR PEREVEAG R F . PR, 2005 R AE s
KGN 1 P Hh G4 i AN DR BT B R
AR, A —E BRI
112 msCdfesor

M4 it F R (Flow cytomery, FCM) J& 20
TH2E 70 A AR K i B R 118 — i 2 A i A )
A, AT 24 A, ol 200 i 7 0 3l & N AL T
PRATA SR, 3 3 R B {6 40 i A
RO, 0 A ) EUR G RN SO R EE
T A0 AT 43 A, AT DLPRGE 43 B b7 440 i
FEHEAT IR, [ i I 6 20 B S S R AIE . ik
A RLE I 59 Ye ik 5 G, X A B PR AT A
A T AR MO B A AR X Rk o
IR LE Y HEA T DA I D 7 2 AR R v
WERRIE L BRI A, A SRR Ry, XA 5
(2B BERAN BB A% PR ) XA o b 2R W kA T
SEREAMT o AN S T AT R AR
N, R P A AR T 107 A/ mL B 20 ff 3k
ARG EN T 3 T4 B W A
KR, HBA A A IR . A% D -2
HETBObRHE 22 5K A HE i s 20K v 37 AR A ) 3 B 4K
I, 7E—E R BRI 1 i A0 B SO A I R i
JFE 2K I T8 08 07 o 5 L =X 4 A A A A 4 AR
KA T, kst B 5t HR 2
VAPV TRECE/REER i W b i ISR SR @
TE o X LB ok Ay PR ] O =X 48 AR 7 s 28 7K A
TR ER o (EREE B RY &R, T A A
ATHAE Hs 8K AR G D 5 TG RAT )32 8 & e 5t

K XA AR 5 BB R B RS & )
BCE 10 T G 93 B B A, T B — Tl 25 40 e A )
FAR MM IS R 5t (Flow Cytometer And
Microscope, Flow CAM) , Flow CAM B DL X%} &¢ 5
Hh 20 i S5 R ) AT AR A4, DT TE LR B A 4%
B AOALATRIURE P 1 3 W B8 R . BR T g f%
48 i AN LR 1R fLZ A0, S SR A AL A
YIS A P 22 S, 4 T LS BN A M i) Bl 43
FEPUnl o AHE TR T WA B A, A I A
REARAF XS AE R AT SRR, AR IR T HA I, (A
AR L AT o
1.3 s R

TR AR R TR A R 8B N, A DG
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PRI B FEL A 2 B R i v i S I 2 R O
FEREAGIN , 2 — b 46 1% 107 FH T 40 B Az 0 5 AF
FERIHE AR S Aok 251 1 R PR Bt 1
AR FE 2K HH i AR ) i B 37 e s A, HC L
A AR BN AR 7 68 SR8, % T 923
oK I PRI B A — 2 L EA
5 A I A AR AR DL L 3, A BR 249 2y
1 000~/ mL Ze47 , @ARANHG /2 T D-2 HEBChs i
TERE YA 10 A/ mLL 2K
1.2 SFEMERER

HHi, BN Ah 2 U o 7 2R ) 2 4
AL XF R K 10 ~ 50 um Az W) T JRE % E
SCHOLIN"™" X307 g 111 K 3 47 35 [ B % 42 A0
RNA JE[H R BOF 91 004, 9 B R A A 2 1
RBEPFAERR A JELRIFN B BRPR, DI & J
FIFH RELP $ A I L e A 7 R 5 7 1Y 42
Ao STEHOUWER"*' 3% FI| Ff] 16sRNA il 5 JE 2% 7k
H110 ~50 pum Az 4, HGE S B Ak 0 A o
E , KB BE AL B U 22 B B ( Pseudo-nitzschia
spp- ) WAEAE TS A 0 1R W 23 R 1 i X
PR IEAT R E . B0 T AV R R WA AR
— R, HORREXT AR W AT s BRI, Y
FEZOKFE AR, IF BRI Ut . F
I3 T HOR AT LU E B A IR AT B, T A
BEAR T BOKOR IR AR 2%, [ — D R #UK g P A
Al REIR % 2 AN A e Bt 17K, 43 F R W2 4
AR KR AT E M, o> 74 22 4%
AR BN P TR BT, AN RS ) 48
TE o
1.3 SDS-MPN ( Serial Dilution Culture-most
Probable Number ) j%

SDS-MPN J5 i j&— R FIECA BLE HER,
AR DX TR AG AL AR WDk B2 19 07 1, dic i 2 1915 48
McCrady JH -4 B ¥k BE B A5G 580, 3% 5 s 2 4 b
— ZR 50 B, 2 0 3 3 H B B 78 Wb B
TEA BRAERK MRS = DR 8, B i
R RERC (MPN ), DT A 55376 4 40 i ) die oK
APRERCE Y o R R R R A — T PE R T
FL G A T MPN %) v e 78 555 A AR T 0K 4
RGN AT 7 Seascape®-BWMS [ 457K 5 21
ARG AHEHOK T 10 ~50wm A ¥ TF & T AH
SRS R . %5 JOHN P21 ol & —
PR A SO R I 4 BWMS (JEH 2 UV 4%
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AR Ak B G 9 FE K K A E A W T
FIRST ™ a4 by 4 Zeat UV AbFR IS | BAR AP
SEEEIE HABNS IE W mofCIHR A (A B & 2k 2514k
BET o T S A O 1 o X A L R
A5 T R 2 A A T A 00 L, L ol 240 i 0o 6 2%
IKHEROE 2R B P R fE B I RE T, 16 A 252
B SCRWTRIREE SCHAET A, IF BAEE A
RIE PGSR A CE GG, A 1 RS 8UE
IR R 5 A 08 0 VPR, 3o A 25 BRBE A e 1
TR F I MPN J5 3 0] LLskE i bR 5 00 &
4. {H MPN J7 ik R A —E AR, B 5
Mg B RES SR B SR S R AR K
AL , 24 1 27K Fh A B kA1) AR R R O
R—EREMGAEE , I HLAT S W Rh 2 9F A — 2 fig
BAES A A TR

2 RTET S0 wm AP INEA

YT 9 1 R T JE 2K P =50 wm A2 45
B AR LMEG Ik B E R 1 T
TR W o A5 B, 25 5 v A A B AR 3
$, EPANT R E 2K =50 pm A2
AR, T DA 25080, i SE N RE B P AR T AR
WIS BERT B, 9K 5 W RE B HEAT A0 B, (R A
it A A BRI R VE , T UOGHRE AR ) 2 B
PEATHEC IR AR A R AR E A S = B f
FE AN ABFE T AN AR BIVAT 4 R R 3 R
ANE, =50pm AW R)RE T LA P 3 o 40 M Ak
ok

3 /NF 10wm AR B AR

3.1 AFERE

AR 2 AR HE TR 2K v A e R
TR A , (HX) T I 8 BWMS (1M BEPEAY
B, 2 RSBSOS AT ) B S K
3.1.1 Fip:

SRR — R R S T RO T
SRR SRR R AN [R) v FE AR B, TR AT 3
ARG AR b, B — A i it B R 5 T R — 1 A
MR AT UL RV, B T VR S, & RS
RPAT A5 A it b A RSB 2 — R iz TR
FHA S A R A A I ey 7 v o (B SR ER
B AE Y R R AR R 2 R 2R, BB R AR
WA RRRE SRR AN, A — o Re S e

B AT B PG EOE I 45 R AR
FSLBR T BN R I RO
ERAE B, 77 S N [ 1 o A AR A,
LG 5k A A T S 7K HP 4 T A R LA —
R PR
3.1.2 3M AP

3M UG SO R 2 TR A I,
AT B 2 R B ) B SR VR K AT I B M R
), BA PR | R BORE R DR S M R R
RO I ZE N Oy T AR A P o B A A T
BOK A PrdE bR R T v, R 3M AR ik
FOXF A e KR it A T ARG, 235 2R e BHLAE
T HEOK 4 S B I , B AR R
RIS IO S5 R s, M LU 3R T AR e AT B0k,
Gy THENFHEL, (H 2% AR 25 e B 5t
3.2 KBRHFEH
3.2.1 MPN 3

MPN 32K FE S HEAT — R GAN [F] e B 7
J& R B A B IR AL B R R O Rk
FERHIT, 5555 K 5 Ay T 0 48 A 45, xF
HEMPN & A5 AR i b K R A IR R,
— TPz N AR K K 35 A EG R A T
7,
3.2.2  yEfEys

DB B R — AR (— i 100 mL) Ay
an Z g T R 2 0. 45 pum UL |, SR
Je ¥ BRI E A M-TEC B8k B T8 7 AR
LR AAE S BRI AR K i SRR R A IR
RV A B8, 4 T R P R R A TR R B
EPA HERENS P 1 R 2 40 s 2K oK i 3%
3.2.3 3M K

FE A FFH 3M K 35 A R A T
W e 28K v R 3 Ay R, JF AL MPN 325 %6f
GERIEATIGUE, 45 R B 3M I 5 B AR R AR A
BRI (R (LA A — o B T AR, AN i
TEHAK DRI 5 A R I E .
3.3 BpiEEkE

H AT 3238 19 T 1 2 K R A DU 1 ik Al
FHUSTEE AT RGN, T ¥ [R) K FF 5, B % o
TR iE A B ER A KR R
3.4 FEELINE(O1 BFn 0139 )

B L SRR AR I 2 A o U i 3
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BRLPEEE R K, o0 8 TR B R O, PR IR IR
RIZHEF B PRI FREE (TCBS BigpdE) bttty
Figv . PREEERIE T, FIH O1 #E A 0139 HEH 5
FESTIATT R I Bk 4R S 0, 55 X 8 L OIN B 179 9
BERIN T EPA HEFE A A LRIy i o, 1
S BEIR DO R bRic i SR e BT A, AT DL 42
TEDENG B BE B X AL AT R 7

S 3 6 F & PCR O3 R ( Realtime
Fluorescence Quantitative PCR ) -, #% F > 46 ] = %8,
KA EFLINE . 286 7 PCR H AR JSEHETEH #
PCR JEA} F A D EHRICERER SO B Y 22516
BE, S ELE ik, FYSKE'™ 88 1 I 9% e 14 41
PCR Hg AP 4 46 00 3] 1 287K v g SLI G 19 #7
15, 1% 05 1 2AG R S Mo | R BB R B v 4
ey B AR AL, I HO A ALOICR A i FR Oy 1CFU/
100 mL., 58 445 BE S K I D-2 A5 o 225K 19 HF ik
K, EIRAIT AL AR AR, WA Sy —Fpa] LA
AT

PLEA AR <10 wm AEYPHERFI T2 TAE5E0
Sy SR IR AE BRI A K, O HLA AR O TE 2R
BRSO A, FAT — & Y BR A M i =
JHASC 32 T A T s 20K 4 T Y R
JOACHIMSTHAL " Ff 3 28 41 Jg A% 00 = 395 i 38
Y s 8K A T R B K B A [T LR
A IE R, 5 245 2R S5 AL 58 5 bR e R 22
5% ,

4 RE

BRIITIEIIAAE B B B IE 35 SR, Q) ks
JURI T ik 4545 A, 58730 MR 25 F 05 i B A0 L
WRFTE Y — K B, AR A RE 4 9 Bh 4 2
X 2 7K 2 2 30 AT 20 MIA™ 6 A1) i 9 <
A R A R R A | S R A DL B
B AR YR T I R B OK 10 ~ 50 um A4
ARG, 3oF HO 25 SREUE W AN [R] 07 325 45 21 A ARG 245
RZIA] A 22 S 1 LA W) 380 HF T 380K 2 75 35 2
HERbRAE , B 1, TMO i PR A 57— A [ BRIk
{19 s 28R A HE T A G A v , LAl 97 5 | R AN o 22
A Pred 2y

INIRE “AESRAT A 2 25K LI g ik B
FEARAASZ BIA 25 1 B BB R USRI AT A
INPAEN A 32 B A 25 B ST DR A AL
SORXHAZ B AT A0 2 it 5 7 AR . H
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AT, BEOSR A 36F R 28K rP 2B B A T 1k 2 R &2
B R 22 S o A5 8 K D i % R T Sk, T ¢h
T 00 6 s BT B A7 6 AN 8 P, 1 1R ) (R B e, A%
G577 1 AR AN T A0 T A 1 bR A 00 1
BUR . PUETRTTAE BRI, S AN B2 A5 A0 A
7 B HE A R ) T AR HE R K R A W R T
T /2 D=2 HERCPRAE , 35 3 B oK A0 45 3R = 7E 9 o 46
24y ] R A R L VA L G K11 TR 2R K A A D
AR, T H AR K BEE TAF 32 B4 e R
HK F LR A IR T SE , 56 T IR 20k A i
PRSI AT ST IR 2, O 23 B A % ik IR 4%
KRR A I B R, B X B T
PEANALE , WA AR s H AT el & kB A T
J 285K A R R (19 7 12, R T O — — o
BEAS RIS A D-2 A o rb B2 5R 1) B A7 2R W 9 7
Weo JUHEE VERR L RE ST AR /A4 A RE 08 5
TEPRIETB 1] e 6% PR L 1) ) T 280 s 05 AP Hs 287K &
AT LA R, B B PR 5 B SRR T A
o A O 4 S W 22, BB L E R A R 28
Y R 5 42 7 v A e 7 3k IO BF 5 5
Tia] 10 32 1 — 25 2 T JHL ARG 01 ok A O PR BB T A
B Ak, Rk, Be 4 MPN 3, % R 2K
FTIGEe iR, gt R R A Y
P, BT 1T AT LA Ao A0 R 2K F AR, A
P 9 T TS I A ARG T DA AR s A 0 A
A58 R UM L 14 L 2 i o RN, 2 57 A
JEIKAINRA Y, R PGEER ) S P2 LB 6 &
538 B SIS TR 30K AR RO VA L
IR R i T

AN EE AR — 5, R K AP AR AE G A )
LR B PR S 7 v R TR K A A R B3
Y)F5 8, HALLEGRAEFF™" §4 % 7 A 3K A1) 7
W5 FT) 343 JEAAR rh A I U h A e R 1 T 1 7, HL
20 FAIBEBR I IR, B BTG TR
Y R E K AR RT R AR A, BAR D2
BRUEFEBEA X HE K Fp 72 10 35 B A P40 1 41
SE , TEALRENS T H1 A 3t PR JEA AR 3 194 365 V7 g
3, HoA FOA T T T 300 4 i S A5 L T R 2K B
B TR BWMS Ab B Xof 2 7K HE g 1 4
BRGETEWIRPE T . BT LA R 3% [8] B o i
X FRLAE Y E 25 8 5 ST RS



339

X5, A T PR A 2 EOR B I 3K AR A BoAR

465

SE Lk

(1]

(2]

(6]

[9]

IMO. International convention for the control and management of

ships’ ballast water and sediments [ S ]. London:
International Maritime Organization, 2004.

TAMELANDER J, RIDDERING L, HAAG F, et al. Guidelines
for Development of a National Ballast Water Management
Strategy[ R]. London,IMO,2010.

TSOLAKI E, DIAMADOPOULOS E. Technologies for ballast
water treatment; a review [ J ]. Journal of Chemical
Technology and Biotechnology, 2010, 85(1): 19-32.
GOLLASCH S, DAVID M, VOIGT M, et al. Critical review
of the IMO international convention on the management of
ships’ ballast water and sediments [ J ]. Harmful Algae,
2007, 6(4) : 585-600.

FAHNENSTIEL G L, MCCORMICK M J, LANG G A, et
al. Taxon-specific growth and loss rates for dominant
phytoplankton populations from the northern Gulf of Mexico
[J]. Marine Ecology Progress Series, 1995, 117 229-239.
WL, ZE5E, T, S R0 SR TR A A I i
WIFEHERELT]. BREERL 2 5HOR, 2017, 40(4) : 4549,
55.

YANG F, LI J, YU S T, et al. Advances in detection of
plankton in ballast water [ J ]. Environmental Science &
Technology, 2017, 40(4) . 4549, 55.

O, MR, BEFE. T U AN A K b
RN IR A ST (] o E R DA R,
2006, 29(6) : 358-360.

ZHENG J N, QIU J L, XUE X C. Study on planktons taken
by ballast water of international navigation ships[ J]. Chinese
Frontier Health Quarantine, 2006, 29(6) : 358-360.
ERLL, AR, XM, 5. AR I R K TR A Y
YRS AES T IAECHEL Y] R R, 2015 (4)
161 - 167.

GONG E H,WANG Y T,LIU Y,et al. Species abundance of
phytoplankton in ballast water of Shanghai port and its
correlation with ecological factors [ J ]. Transactions of
Oceanology and Limnology,2015(4) ;161 —167.

ERR, WRZF, WS, & EBRITT A ER KAk
AHEEDVITELT]. BEAREER S, 2007, 17(3) : 9-11.
WANG A M, XU B F, CHEN Z H, et al. External harmful
living beings in ballast water on cross border vessel [ J].
Inspection and Quarantine Science, 2007, 17(3): 9-11.
ZREL, WROT, B R, A RN AR K i
AR AN S £ S MR R R ] &
VR, 2000, 28(2) ; 228-237.

LI B Q, CHEN C P, YANG Q L, et al. Preliminary study on
the species composition and abundance of phytoplankton and
affecting factors in ballast water of ships from outside Fujian,
China[ J]. Journal of Oceanography in Taiwan Strait, 2009,
28(2) : 228-237.

EREEME, XUEL, RTE. RAKIRIERLY) 4S8 5k

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[J]. MARle#, 2015, 27(5) : 767-775.

QIAN K M, LIU X, CHEN Y W. A review on methods of
cell  enumeration  and freshwater
phytoplankton[ J]. Journal of Lake Sciences, 2015, 27(5) :
767-775.

X35, EBL, B, G OB S AR T 2R E AR
IKIEE AL FEROR LR [ 1] A 2%a5, 2014, 31(3) .
29-32, 42.

LIU L, WANG Q, YUAN L, et al. The effectiveness of

quantification  of

photocatalytic  technology and pure UV technology on
microalgae in ballast water[ J]. Journal of Biology, 2014, 31
(3):29-32, 42.

FB, BESCHE, FARuN. AR R T AL G AT 5
[J]. BRgER2E S 1R, 2007, 30(10) : 20-22.

WANG K, LIANG W Y, WANG J L. Viability detection of
microcystis aeuginosa by staining methods[ J]. Environmental
Science & Technology, 2007, 30(10) ; 20-22.

GOLLASCH S, DAVID M. Ballast water sampling and sample
analysis  for [ C1//DAVID M,
GOLLASCH S. Global Maritime Transport and Ballast Water
Management. Dordrecht; Springer, 2015, 171-223.
SCHUMACHER T E, EYNARD A, CHINTALA R. Rapid

cost-effective analysis of microbial activity in soils using

compliance  control

modified fluorescein diacetate method [ J ]. Environmental
Science and Pollution Research, 2015, 22(6) ; 4759-4762.
CHRISTENSEN P, STENVANG ] P, GODFREY W L. A
flow cytometric method for rapid determination of sperm
concentration and viability in mammalian and avian semen
[J]. Journal of Andrology, 2004, 25(2) : 255-264.

NSF Interational. Generic protocol for the verification of
ballast water treatment technology [ R ]. EPA/600/R-10/
146. Washington: U. S. Environmental Protection Agency,
2010.

NIVA. CMFDA/FDA staining versus MPN method for detecting
live > 10-50 pm organisms in treated ballast water [ EB/
OL]. [2016-04-01]. http://mpnballastwaterfacts. com/wp-
content/uploads/2015/12/NIVA-Support. pdf.

REAVIE E D, CANGELOSI A A, ALLINGER L E. Assessing
ballast water treatments: evaluation of viability methods for
ambient freshwater microplankton assemblages[ J]. Journal of
Great Lakes Research, 2010, 36(3) ; 540-547.
STEINBERG M K, LEMIEUX E J, DRAKE L A. Determining
the viability of marine protists using a combination of vital,
fluorescent stains [ J ]. Marine Biology, 2011, 158 (6):
1431-1437.

A, JRBEE, A, IR R BOK s R A YO
EMRTFE——F 2 g e e 6 2 UL BE[ 1] BRBERleA
FAR, 2011, 34(4) . 4447.

FENG D L, SU X F, ZHAN S J. Numeration of viable

organism in ship’s ballast water-concentration and fixation
pretreatment by vacuum filtration[ J]. Environmental Science

& Technology, 2011, 34(4) . 4447.

http: //www. shhydxxb. com



466

oo FE K ¥

¥k

27 %

[22]

[25]

[26]

[29]

[31]

[32]

[33]

[34]

HALLEGRAEFF G M, ANDERSON D M, CEMBELLA A
D, et al. Manual on harmful marine microalgae[ M]. Paris;
UNESCO, 2003 ; 99-129.

JOACHIMSTHAL E L, IVANOV V, TAY ] H, et al. Flow
cytometry and conventional enumeration of microorganisms in
ships’ ballast water and marine samples[ J]. Marine Pollution
Bulletin, 2003, 46(3) : 308-313.

STEHOUWER P P, LIEBICH V, PEPERZAK L. Flow cytometry,
microscopy, and DNA analysis as complementary
phytoplankton screening methods in ballast water treatment
studies[ J|. Journal of Applied Phycology, 2013, 25(4)
1047-1053.

KEMP P F, SHERR B F, SHERR E B, et al. Handbook of
methods in aquatic microbial ecology [ M ]. Boca Raton:
Lewis Publishers, 1993 175-186.

MALKASSIAN A, NERINI D, VAN DIJK M A, et al.
Functional analysis and classification of phytoplankton based
on data from an automated flow cytometer[ J]. Cytometry Part
A, 2011, 79(4) : 263-275.

STEINBERG M K, FIRST M R, LEMIEUX E J, et al.
Comparison of techniques used to count single-celled viable
phytoplankton[ J]. Journal of Applied Phycology, 2012, 24
(4): 751-758.

YENN, QINJH, SHIW W, et al. Cell-based high content
screening using an integrated microfluidic device[ J]. Lab on
A Chip, 2007, 7(12) : 1696-1704.

TROKZE. FETIORE S A ) He SR AR v PR I K 432
[D]. Rif: KiEHFF R, 2015: 1-63.

XU Y Y. The methods of microalgae detection and
classification system for ship ballast water based on
microfluidic chip[ D].
2015 1-63.

SCHOLIN C A, ANDERSON D M. Identification of group-

Dalian; Dalian Maritime University,

and strain-specific genetic markers for globally distributed
Alexandrium ( Dinophyceae ). 1. RFLP analysis of SSU
rRNA genes[ J]. Journal of Phycology, 1994, 30(4) . 744-
754.

SRR R IO PR MR 9137 Y A 00 4 17 e B T 5 1R 38
TERZIEARFR D], )7 AERIIMTE R, 2009 1-65.
WU T L. The germination of resting phytoplankton and their
relation with harmful algae blooms in daya bay sea area[ D ].
Guangzhou; South China Normal University, 2009 1-65.
CULLEN J J, MACINTYRE H L. On the use of the serial
dilution culture method to enumerate viable phytoplankton in
natural communities of plankton subjected to ballast water
treatment[ J ]. Journal of Applied Phycology, 2016, 28(1) :
279-298.

FIRST M R, DRAKE L A. Approaches for determining the
effects of UV radiation on microorganisms in ballast water
[J]. Management of Biological Invasions, 2013, 4(2) ; 87-
99.

HARRIS A S D, JONES K J, LEWIS J. An assessment of

http: //www. shhydxxb. com

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

the accuracy and reproducibility of the most probable number
(MPN) technique in estimating numbers of nutrient stressed
diatoms in sediment samples [ J]. Journal of Experimental
Marine Biology and Ecology, 1998, 231(1) . 21-30.
BRI, XM , BB, 4. PRI TR ABE AR R 30K 77
WS Rh AR Hr LT ], M PE s (R 3ChR) 2011, 33
(1) :138-145.

XUE J Z,1IU Y, WANG J H,et al. A biological survey of
zooplankton taken from ballast water of the international
navigation ships entering the Shanghai Yangshan Deep-water
Port in China[ J]. Acta Oceanologica Sinica,2011,33(1):
138-145.

TS, VFART-. AR 3K b A2 ) BORE A A I A JLA>
L] FRERLESHEOR, 2009, 32(3) : 87-89.

FENG D L, XU L P. Several problems concerning sampling
and monitoring of organisms in ballast water [ J ].
Environmental Science & Technology, 2009, 32(3) . 87-89.
LE BOURG B, CORNET-BARTHAUX V, PAGANO M, et
al. Flowcam as a tool for studying small (80-1000 pm)
metazooplankton communities [ J ]. Journal of Plankton
Research, 2015, 37(4) : 666-670.

KUSKE C R, BARNS S M, BUSCH J D. Diverse uncultivated
bacterial groups from soils of the arid southwestern United
States that are present in many geographic regions [ J].
Applied and Environmental Microbiology, 1997, 63 (9) .
3614-3621.

. IR R B0K A 29 BOR T B IR 380K T A 9 B G
WoMAr[I]. hiEsKis, 2011, 11(8) : 85-87.

FU Z C. Analysis of microoganism under convention of ship’s
ballast water[ J]. China Water Transport, 2011, 11(8) ; 85-
87.

GINN R E, PACKARD V S, FOX T L. Enumeration of total
bacteria and coliforms in milk by dry rehydratable film
methods; collaborative study [ J ]. Journal-Association of
Official Analytical Chemists, 1986, 69(3) . 527-531.

DE CASTILHO N P A, OKAMURA V T, CAMARGO A C,
et al. Adequacy of Petrifilm™ aerobic count plates
supplemented with de man, rogosa & sharpe broth and
chlorophenol red for enumeration of lactic acid bacteria in
salami[ J]. Meat Science, 2015, 110; 253-261.

FHE, BRI, EOA, S O3M BUEYIE ARSI A
SRR AR K LA A pR A BT [T ] o ] 58 T A Ao
Z&i, 2006, 29(sl) : 90-92.

WANG H J, LI J C, WANG R J, et al. A study of the
detecting method on the hygienic index of ballast water of
entry ship by using 3M bacterrial count plate[ J]. Chinese
Frontier Health Quarantine, 2006, 29(sl) ;: 90-92.

HAe N RS HNE TAEFR. WS 289-2008 7 Fl 12 i hr
[S]. dbst: ARIA: kA, 2008.

Ministry of Health of the People’s Republic of China. WS
289-2008 Diagnostic criteria for cholera [ S ].
People’s Medical Publishing House, 2008.

Beijing



334 X5, A T PR A 2 EOR B I 3K AR A BoAR 467

[44] GOEL A K, TAMRAKAR A K, KAMBOJ D V, et al. Direct [47] HALLEGRAEFF G M, BOLCH C J. Transport of diatom and
immunofluorescence assay for rapid environmental detection dinoflagellate resting spores in ships’ ballast water:
of Vibrio cholerae O1[J]. Folia Microbiologica, 2005, 50 implications for plankton biogeography and aquaculture[ J].
(5): 448-452. Journal of Plankton Research, 1992, 14(8) : 1067-1084.

[45] FYKSE E M, NILSEN T, NIELSEN A D, et al. Real-time [48] HALLEGRAEFF G M. A review of harmful algal blooms and
PCR and NASBA for rapid and sensitive detection of Vibrio their apparent global increase [ J]. Phycologia, 1993, 32
cholerae in ballast water [ J]. Marine Pollution Bulletin, (2):7999.
2012, 64(2) : 200-206. [49] Jefe, sheaWl, BB, %5 MIIEARKTIASMREEZRE

[46] JOACHIMSTHAL E L, IVANOV V, TAY ST L, et al. fEELEMIT]. FEYIREE, 2005, 19(5) : 289-291.
Bacteriological examination of ballast water in Singapore LONG H, LIN S M, LIANG J R, et al. Harmful effect of
Harbour by flow cytometry with Fish [ J]. Marine Pollution introduced exotic algae by ballast water and its detection[ J].
Bulletin, 2004, 49(4) : 334-343. Plant Quarantine, 2005, 19(5) : 289-291.

Detection technology of organisms in ballast water based on international
convention

LIU Liang'*, WU Huixian'”>, YUAN Lin"*, WANG Qiong"*, XUE Junzeng'~’
(1. College of Marine Ecology and Environment , Shanghai Ocean University, Shanghai 201306, China; 2. Centre for Rearch
on the Ecological Security of Ports and Shipping, Shanghat 201306, China)

Abstract; Analysis of viable organisms in discharged ballast water including organisms greater than or equal
to 10 micrometres and less than 50 micrometres in minimum dimension , organisms greater than or equal to 50
micrometres in minimum dimension, Escherichia Coli, Intestinal Enterococci and Vibrio cholerae is required in
detail by D-2 standard of the International Convention for the Control and Management of Ship’s Ballast Water
and Sediments. Now a lot of research on ballast water treatment have been done in the world, but some
problems still exist in the detection of living organisms, especially in fast detection methods. Several methods
including microscopy, flow cytometry, microfluidic chip, molecular biology method, MPN method and plate
method are introduced, including their principle, characteristic and limitation in fast detection of ballast
water. Based on the characteristics of fast, accuracy, small consumption of sample and high automation, Flow
cytometry is the most suitable method for fast detection of ballast water. The convention has no detailed rules
on the number of cysts in discharged ballast water, but cysts have worse potential destructiveness to
ecosystem, so more research on cyst should be carried out.

Key words: ballast water; detection; organisms technology
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