ISSN 0250-3301 CODEN HCKHDV

(HUANJING KEXUE)
ENVIRONMENTAL SCIENCE

.
.
N
.
539 12.
Vol.39 _No.1:
2018

b E R RS ERA IR R E I
A 5 & K &




w % # 3 %39 % 12 0]

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2018 4E12 A 15 H

H  R(EX)

Hh L R L R A5 Qe HE A B R MR AIE oo RW, K&, $&, Rk, FA, Bk, RoEH, HER (5280)
T LUR BRI E PM“ET SABAYATHIT <veveememreeee ;(]“@/jg, f-iﬁﬂ}%%(, AN (5296)
K A B K YR IR I TS LU JRALI] +- v vvveeeesenmemmeeees e sttt et e s e sttt e e ettt e e e e
....................................... ;g—ﬂ_ﬂ_ Hﬁk,?’%ﬂ %%%,E%ﬁk, 7 ’ﬂ:{: ﬁ%?}aﬁ% Wf}% ;%gi ??(5308)
BBV AL S TR AR R ST TS L HE TSN - ververeesenneennsnesseisenssisessesssasessascaseeesene e sse e s
................................................... 7%[35 ?%‘ﬂu, ]ﬁf{}% lelk)tﬁ ;(]I'-ﬁ\g, 1’?% _JI_ﬁ‘ljﬁl ]2@}]):]7151@’ 57%% (5315)
AR BRI BE A S H VOCs TG YYEFAE  coeeevrrerems AT, égg éjp_gﬁ ﬁﬁﬁ, B (5323)
A8 L1 T LI BB T AA Tl FETATIGE S VOCs HERTLLIE, - -vvvvverrermrrrrenee e
................................................... E- A X ﬁ"ﬂﬂ?‘ %j}“ ﬂ"ﬁﬂ]ﬂ, _:Efﬂﬂ;‘%, F#HH (5334)
PN NIRRT G HERCR S SR - - H%M W, WA, R, Bk, N (5344)
IRAE TP TIORLIHEBICRFIE ooevveeesesensssmsssniis Eﬁﬁ,ﬁ%,%iﬁ,%%,%ﬂ%(ﬁw)
J\{}lbj;,kj(/ﬁ’ff':/ﬁ{m}kchﬂ: .............................................. E}ﬁ%ﬂm %}m‘ll E M%;ﬁ (5365)
TR R B R IRAR SR RAE oveeveeeeemeenneeieeens FXHM, EHRR, Bk, ﬂ?m WFE, ﬂ$ EXRE (5375)
) BT i RN R FE T T 7K 8028 3 255 B ORI v oo Sk, BEA, ZEK, HKT (5383)
{t{IL/ﬁ?iﬂk/}%’%muﬂﬁéﬂPNOIETJ%ﬂFﬁJU%TF ............................................................... Bﬂ;ﬁ;;ﬁ; EIE KW (5391)
Z:IE]EL{E €|: ?T{T{}lLNO(Kﬁ %iﬁikgl‘:jﬂig)ﬁ(%@[ ............................................. 7}% ?Eﬂ,% ﬁ"i* 7@ nﬂ;h— (5400)
LA 2 T B RIAEL 15 B BT + LA 2 AU - eeeeeeeeeeemseenneeeees PH, BRE, BAE, £H, ¥ (5410)
ﬁﬂﬁmﬁ@Ei%KﬂﬂﬂOﬁi%ﬁ%ﬁUﬁ%ﬁ*%Mh&ﬁ@ﬁm ................................................
.................................................................. % ﬁ%? E% Jﬁ??‘—'X fxt”fff?% XIU'L«E'@_ Eﬂiiﬁ (5418)
ST B A R ACOK AR BRI wovevoeeevoe A, REE, WA, KA. M. EKE, Bak (5428)
2017 AE e R PEAK T A IK A2 KT AR TR AL AT BN weveeennenee e oo e
‘ ...................................... fﬁj{ﬁi ﬂiﬁ{ﬁ %}j 7%“”}5% ]\élfﬁ, ;5;!’%, ﬁ%}:&jﬁ, ﬁxﬁi’ 7@)&]&7‘ (5440)
JEVRE 7K e 2 B K PR ST B R ORI DOM BRI HEREE -veereeeesseeeeesseeeessennnet et e
.......................................................................................... EE%,?&%@ }\7]71; ?_’Fﬁ]‘, 5%(5451)
#m;{E:H:{ILf,El%EP%%(E ?Eﬂiﬁ\ ...................................................... gﬁ'ﬁ?ﬂ&, E)’%wﬂ-ﬁ, f?-ﬁ:_\%’ r'?ﬂﬂﬂ, r%tﬁ_ (5464)
ﬂ]ﬁ]‘[J_lj((ﬁ{ﬁﬂ)%”ﬂ/yj{%‘.ﬁﬂ(Egﬁ*}}i‘?gﬂc%}h@ ......................................................... ;;Igg’ ,},J\//%’ 7%7%, ;55}:] (5473)
T T2 I T T VT H 2K TR o] A 33 T P B SR AN B LI v vvvmemmmmmmmmeeneenenieeaaaeaens Bow, W EE, EE, FEE (5480)
FEADL 02 DA AT DB AR BIURFAE v oeeveres e W, T, AR, AEE (5487)
SR BRI 7 A A S 75K T HH K e 4 SR SRR S A A 00 2 A RO AL v
...................................................................................................... -@—m’ J‘}%W, 4%)2]{:’5, gjﬁﬁﬁ (5494)
4 PSR T8 A Mt i AL S BE S MR PR AT eveveremmemmrreeeeeeeeeee e THE, 23, k08, k¥ (5503)
MIETD’?%SLXTESZK@’%@(ﬁéﬁik&uféi?kfﬁm‘? P PPy £7}(:L EXipiS (5514)
IR K PERIAEFIRE ( Cylindrospermopsis raciborskii) P53 A RFIE B AL F- 73 BF <o+ TEE, U, HHET, T (5523)
RS T B R PRSI 2B AR AR BT - vvvv v RE, R, WK, AR, KT (5532)
SU WM BT e K SR JCPEAT LI SRR v 2 LT3, B, BEK, BEE (5541)
AR/ A 415 T2 BEN K (0 SR BT --voovvveoeeeeeeeeeeeesssss B, #ER, A B, BEE (5550)
#%Fﬁﬁ%@AT %Hmﬂﬁﬁ%m%%r ....................................................................................
......................................................... J%ﬁ% % EE 7K.. gﬁﬁﬁ , ‘> %ﬁ%ﬁ ﬁ%h, ?/’@/&, ;;Ig;%tﬁ_ (5558)
TR PSS 0 T8 BT R MR FF S UL I v E—E, Yk, KT, BWE, 2% (5565)
EZAN) Ty LR ARATR S Al VY I SR IR, 2F, AEF, BEE, KA, BEF (5572)
FEREE TR PN-ANAMMOX T 2 B E R AEIE I i v vereeer e
.................................................................. JKﬁlﬂ M B fﬁ’ ﬁﬁéﬁ E??,%t, ﬁﬁﬂ% ‘%’a’&ﬁj’( hEE (5580)
TR 5 ANAMMOX AT I BEAE L ELI weeeveveverveinmnennnens 5 E T, kA, 24, BEE, WM, E (5587)
ERR AN T2 BT SLBUEIIROBEE AT oo R, {H, 28, 28 GirE WA (5596)
PSR EUT5 E AT A L TR oo MoTE, BUR M, BT, EFF, F, BN, 7E, £ (5605)
A TEL 2 B B —— 6 AT BT B N3 [T e R JBE U RE eveeeeeeeeeeeeessesnsmmmmmnninieiiieeeeeeeaeas Bh p;g%ﬁ, B (5612)
5B TV R IS TR TR 4 8 TS U &ﬁfikﬂh ..................................................................
............................................................... ﬁ@% _:EE&( %*g?}iﬂg ?_ﬁ”@, 1’%/:!\:\%, ?%%E, [1/7%7,(’ /jljﬂi (5620)
R I - H PRI 4 TR P A5 U 5 A RHREIURY -veveeee e B, WK, BHM, KA, ZRE (5628)
FERUE 3 158 As 15 YLRRAE B AR S RSP oo WE, B, Bih, 2E, ®E, FRA, WK, KH (5639)
]E#Lm;ﬂi_iﬁ{"‘j(ﬁﬁéﬂﬂlg—I—F‘/ﬂ]éﬂﬂlﬁifﬁjj&/ﬂ\:lﬁﬁ(fﬁ?E(];é/% ...............................................................
........................................................................ gﬂé%’%}]%’ g/é‘ , 7?5’7, %%&I ;k%ﬁg ?3&(5647)
S X LR MR AR 2 BE TR B RE LG AT vvvveevesenes e RAM, FUE, (30, BEE (5657)

B R DTREXS T B2 T R R e H AR R S5 BsEm - R0, bR, KA, X EF, X, HAE (5665)
I SO L T ATl A et i oL A LT

............................................. *ﬁy$%$ X F A, ARA, R, SK, B, Bk, R4k (5672)
KU R KRS H A MU (L SO RN e - Bk, #m, JEER REA, MR, BEE, 24K (5680)
T 1 B KR T B A R 2 S TR A R TG AR ALY JEZR o ovevnrermn e

............................................. gl’txﬁ? # 4R A , g)ﬁ{$’ 35 A , f%ff(ﬁj, ﬁ%%ﬁﬁg, %\E%\é, I—%f%%ﬁ, kR (5687)
PSR LB B ) 5 TR T OB oo XUB M, (T, o, EEE, B, 24, AR (5699)
CO, 8 2 R AR A B WA R S 1 L HG IR FURAE v vvvemeeemeeee e

...................... FEEH, YRR, Ba, TLE, AFE, AR, BHEE, 24K (5708)
TR A NTEN BT YA B AT - . ﬁﬂ%ﬁ EaR, MWW, Fe& (5717)
Hh A B B ZE IR A AT i B LR TR ] o vvvemeemmmmmmmmnmenin gk, EF, FHE (5723)
<<}4§1—%$Jr$—>>§g 39 %(2018 Qz) EH% ...................................................................................................... (5740)
(FEREVIETT JE 2 (5343) (IR ERI RN (5439)  fFE(5595, 5619, 5638)




o539 B4 12 ) 7 1% Bl 2 Vol. 39, No. 12
2018 12 A ENVIRONMENTAL SCIENCE Dec. ,2018

I &8 7}( L 7{ F ?@ i ( Cylindrospermopsis raciborskii )

s, st w2

(I.E%jtwkii%ﬁﬁﬁqﬂb, J7IM 5106325 2. ) AR A K IR AERRA TG, )M 510632)
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Distribution and Factors Affectlng Cylmdrospermopszs raczborsku in Guangﬂung

Reservoirs | : e o
LEI Min- -ting' PENG Liang'* HAN Bo—pm’g ¥ LET Ta-mei'*" [ o’ i
(1. 'In@tltute of# Hydrbblolo gy, Jlnan Unlver@ﬂy, Cyﬁ;lgthu 510632, China; 2. Guangdong G@nter for Control and: Preyentlon of

Reservoir Cydnob‘actﬁnal Blooms, Gudngzhou 5 10632 Ch’l’nd.) P | i

Abstract: Cylindrospermopsis ractborskii orlgln?tlgg fromjtroploal and subtropical regions, is potentially toxic and attracts much atteftion
duie to its'extension tosthe global temperaté zohe in recentiyears. Based on historical”datafef 20 reservoirs with different trophic levels
(‘dryié;easg%l, wet season, and transitional 'season’ of 2010),, this’ study focuses on the analysis of the oéeurrence and distribution of C.

raciborskii inl thefGuangdong Province. Based on the tésults, C Sraciborskii was found in 19 of the 20 reservoirs and its biomass ranges
from/0. 000'1-39. 740 . mg-L~" and accounts for 0. 02%%97.07% of the total phytoplankton biomass. Both a notable spatial and
seasonall.duistribution of C. raciborskii were observed. Tts occurrence is higher in the western coastal area (77.78% ) than in the
Zhujiang Delta (66.67% ) and northern coastal area (33.33% ) and is relatively lower in the dry season (40% ) compared with the
rainy season (70% ) and transition season (85% ). The trophic level has a significant effect on the presence of C. raciborskii, which
is notably higher in eutrophic reservoirs (81.48% ) than in mesotrophic reservoirs (66.67% ) and oligotrophic reservoirs (33.33% ).
The redundancy analysis shows that C. raciborskii biomass is positively correlated with total nitrogen (TN) and the trophic state index
('TSI) and negatively correlated with dissolved inorganic nitrogen ( DIN), soluble reactive phosphorus (SRP) , and the secchi depth
(SD). Thus, C. raciborskii in Guangdong reservoirs may be promoted by environmental factors such as high nitrogen contents, low
phosphorus concentration, and transparency.

Key words : Cylindrospermopsis ractborskii; Guangdong Province; reservoir; distribution; environmental factor
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Fig. 1 Location of twenly reservoirs in the Guangddiig Plovince
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Table 1  Main characteristics and sampling times of twenty reservoirs in the Guangdong Province
NS N3 3| S A ke VR FRERT | “H-
MK KI5 Ji?» ﬁ/ﬂ:ﬁ A $ii/1;m — *#ETI;;(; H-H) —
L WRIEIK 1.09 x 107 16.5 14.3 2010-03-05 2010-07-08 2010-11-19
LS4 BRKPE 6.10 x 107 93.8 44. 4 2010-03-05 2010-07-08 2010-11-19
-kl IRATIRIKE 1.16 x 107 14. 1 22.6 2010-03-06 2010-07-09 2010-11-20
ERIT = £ MEZ K 1.73 x10° 1.7 4.4 2010-03-11 2010-07-22 2010-12-22
ERIL = BRI 5.74 x 10° 2.4 13.8 2010-03-11 2010-07-21 2010-12-22
BRIT = KLk 1.05 x 107 6.0 7.6 2010-03-11 2010-07-21 2010-12-21
BRIT =AM KU LL 7K P 1.51 x107 9.3 12.8 2010-03-11 2010-07-20 2010-12-21
BRVL =M IR MUK JEE 1.02 x 107 10.9 6.7 2010-03-17 2010-07-07 2010-12-02
BRIT =1 HAEMOK 8.56 x 10° 17.4 12.3 2010-03-18 2010-07-19 2010-12-28
BRIT =AM K% 1. 82 x 107 24.0 12.7 2010-03-18 2010-07-22 2010-12-22
BRYL= A ALK 1.00 x 10’ 17.6 7.3 2010-03-20 2010-08-03 201012-04
BT =AM T K R 2.12 %107 4.3 8.1 2010-03-20 2010-08-04 /20101204
BRIT =1 FK LK 9.70 x 10° 12.2 8.9 2010-03-21 2010-08-04 ‘ 2679l“12,bs
BRIT =AW =YUKE 2.38 x 107 %0 8.7 2010-04-07 2010-07-30 %,0“1“0-1_2-“1‘0
BRI = i WEF5 4K 4.00 x 10° 21.0 4.7 12010-04-09 |} 12010-07-30 .._.---'20£9ﬁ2-2§
BRI =0 FERUE IR 2.21 x 107 22,6 12. 4 | 2010-04509 2010-07-30 2010-12,40 4
BT =M HgM K 7.86 x 107} 133.0 - 18.5 [ 2010,04-12 2010-07-30 2010¢11-24
L Ak 2250108 ) ol 9.1 | f2010-04-15"  ¥2010-08-10 2010-12;29
JBE S AKOE 5.00 X108 & / /w'sl_.f}" 5.1 ¥ 2010;04-16,4  £2010-08-11 2010-12-30.~
] e AR 5.00 x10% 1 ¥ 13,0 4.1 /201050416 2010-08-11 £ 2010-12-30 =
Lt o S0 T2 e LT, SRR e TN W
AT L 200,456 ~2.550 mg- L' Z K, EEFRAUKER TN
2.1 KPEFARISE F T B 0.373 ~5. 114 me- L7 20, YRR E

TP AEIE SR AR | i R i
VR 5 JREKERY TSI 7E 31. 68 ~34. 46 Z A, JE T
HUE SRR s e, 3245 A, KL, KB, R
JaLLr | #4905 6 JAEIK Y TSI 7E 40. 05 ~49. 80 2
], J& T rhE B IR AUKE; IRE | [AEAR, =50, it
T R B BB B, HRAE 9 JEAK Y
TSI #£ 51. 50 ~63. 43 Z[0], J& T &S FHBKE. R
) E SRR K PR i 2 S H AL R AR N 6 2 ~ 4 R,
KB AL E (P <0.01), % (28.8 ~
3B3.9C) B E R THZE(16.0 ~24.2C) ML ZF
(16.50 ~23.3C). B & pH HE & (7.16 ~
10.16), 550k, HF 2= (7.01 ~9.65) M4
(6.80 ~10. 11) FfIk, KF /K E 55 0. X
TS FRRUK R SD 55, 3 A A SE R (7 2
m AL PR EFRBKERN SD £0.5~1.7 m Z
], & IR AUK R SD 3K, 3 AT HIAg-F 2 (Y
T 1 m. FEEFRADKER TN W ETE 0.330 ~

TAL(P >0.05). T EFRBUKER TP W TE
0.003 ~0.023 mg-L~"Z 0], J & EFRBIKZER TP
WFETE 0. 005 ~ 0. 048 mg-L ™" Z[a], & &35 Ak
[ TP W EELE 0. 012 ~0. 257 mg-L ™' Z[a], [& T it55
2K R 2R UK 3 A (CF ¥ E T 0.01
mg-L~") , HAKELHRAL, FHRIZERBE/N(P >
0.05).
®2 RPEHIAKEOEIEELIER

Table 2 Physical and chemical variables of oligotrophic

reservoirs in three seasons

AL = CES &%
7K/ C 18.24 £1.072 31.13 £0.475 20.087 +1. 872
SD/m 2.01 £0.369  2.40 +0.618 2.77 £0. 531
pH 7.361 £0.323  7.409 +0.242  8.083 0. 747
TN/mg-L~! 0.746 £0.267 0.849 £0.562  0.722 +0.430
TP/mg-L~! 0.010 £0.003 0.006 +0.004  0.012 £0. 008
DIN/mg-L~" 0.485£0.171 0.682+0.598  0.545 +0. 375
SRP/pg-L™'  3.663+2.390 2.922+0.828  1.168 +0. 606
TSI 29.28 £1.973 33.96 +0.713  35.98 +1.484
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Table 3 Physical and chemical variables of mesotrophic

reservoirs in three seasons

AL = H% &7

KR/ C 19.32 £2.236  31.79 £0.592  19.76 +2.471
SD/m 1.20 £0.287  1.15 +0. 406 1.08 £0. 315
pH 8.694 £0.650 8.336 +0.866  9.387 0. 668
TN/mg-L.~! 1.521 £0.795 1.131 £0.466  1.318 +0.773
TP/mg-1.~! 0.027 £0.012 0.020 £0.012  0.023 +0.011
DIN/mg-L~" 0.938 £0.552 0.614 £0.316  0.787 +0. 469
SRP/pg-L~'  1.831+0.724 6.925+3.729  1.112 +0.893
TSI 35.23 £5.033 49.17 £6.555  53.37 +6.034

=4

BERBEKENETEELER

Table 4  Physical and chemical variables of eutrophic

reservoirs in three seasons

HL AT HZE "z ==

KR/ C 20.44£2.070 31.71+1.615 19,24 +2. 4738
SD/m 0.824 £0.276 0.659 £0.174  0.617 0. 126
pH 8.882£0.947 8.527+0.670  9.257 +0.924
TN/mg-L~'  2.232%1.193 1.577£0.907 1.941 +1.154
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