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Research on the Influence of Mixing Layer Depth on Algal Growth

CHEN Yang', YANG Zheng-jian® ,HUANG Yu-ling' ,ZHANG Ping', LIU De-fu'"

(1. College of Hydraulic and Environmental Engineering, China Three Gorges University, Yichang 443002, China; 2. College of
Resources and Environment Sciences, Hubei University of Technology, Wuhan 430072, China; 3. School of Water Resources &
Hydropower Engineering, Wuhan University, Wuhan 430000, China)

Abstract: Frequent blooms have been observed in tributary bays of the Three Gorges Reservoir since its initial filling. In order to
identify the primary factor controlling water blooms, some experiments were conducted based on the critical depth theory. In the winter
of early 2012, the enclosures on Xiangxi River were built to investigate the mechanism of mixing layer depth(Z,, ) on algal growth.

The length of the enclosures under water was changed in gradient, and the water of each enclosures was injected from Xiangxi River, in
which the algal concentration was low and the zooplanktons were filtered out,and then the water was mixed evenly. The results showed
that the algae grew quickly in the enclosures with Z_ /Z . (the favorable ratio of euphotic depth to mixing depth) > 1, and the
? otherwise the algae grew slowly. The critical depth theory was
Water bloom will not break out if the Z,_/Z
critical value. Based on the critical depth theory, it was found that there was a negative correlation between algal net primary
the lower the Z

Key words : mixing layer; water bloom; euphotic layer/mixing layer; algae; light

maximum density of chlorophyll-a ( Chl-a) reached 90 mg-m~

appropriate for the experiment,and there was a critical value of Z,_/Z . is below the

productivity and Z _; , v » the greater the net primary productivity.

Fl 2003 4=
LUK XK A A
R = WK B LR S 22—, A% b Vi e T R 1R far
R VT8 FRER 00 1 RN 25 D) A B IR, S 30 78 78 37 (A1l )= 3398 (critical depth theory) , fIA A 7KK 53
WEEAERFE R KT TS FR A ZWOK S 2 FRKIKIRS 2R (2, /NI A2 5 2 i
PEEKAER) EEGEN. FENUFEAKR, CHESR  BRBKERKARAREN  Z et SCHk[ 13,
PR SRYEARAE IR DU F 345 B R KA 0 K 14 ] FH TR M Bk /K W K e I 257 M B 2

WK FEFK G KSR 2k PSSR R 23 T2 X IEFE K 46 e R ML B AT 36 %
REERMKEED. F BXL
Sverdrup'?' 1953 4E ST TR T K ER K

R R AR ZF IR N T EAE I ZR  E A A
A AR E PO KIS A, R BEEE
FEAAPLABOK F I3 26 (i . S i) 1 X 52
DK BRI R TFRIESE. AWFIE MK S 2 £ e
I AR B AR A 22 S K, iR A e R
A AR, AT LL A A iz g, Ak e
AN AR, HRERE K iz 8. AN EKAR )2
SPECEER A ) (O B 25 5 R AR R IR AN ]

TR, 5 PRm AR W & PR A IR P R
B BAEAE B E KA 2 | A58 3 o 8 7 R Az [
BRI R, @ AR 2, R RTHE SRR

Wi B 2012-11-20; 1&iTHH]: 2013-02-15
E£WmH . HKALRBAEETH (51179095) ; H5K H AR = 4
FHAER4H (51009080,51009081,51209123)
EERA . PRFE(1988 ~ ), 5 o5 4, BRI 5 ) AR S K
T.,E-mail : 819528514 @ qq. com
s« AR A, E-mail ; dfliu@ 189. cn



3050 AN 5% Bt 2% 34 %
XA K A R A3 AT I 2 BRI FE = K 22 1)
/ ~

T8 M DAY R 5 A 2 ) K A o7 4 1 it 4 AR P AL J\ JC )& /( J//
A

[,
1 #MRl5H*
1.1 SRR Y et

TEAF B P (XXB) i R Sc g R 8. [H bR
FH 37 PR (R B 2 RS 1, I o 3 BT, i T
HL IR AR s M (FLA2 0. 064 mm ) 598 1)
R PSR, HRR R 6 H RS2, 5,
10, 15, 20 130 m, & HBHEAF17, 40 5iE R 71,
72,73 .74 .75, 76. [FIFRMERZNIKICH H. 5L
5 M PR B % R4 i DL 1 [ 2.

N
A .
R
el i
- o A
wEE
fﬁrﬂ*‘—j
il FE 4
0 5 10km

1 WREXE
Fig. 1 Map of the study area

1.2 B GAT Bl ik

K FHZE [G 335 BH B Al & 7K AR 3% B B2 (SD),
IL1400A 7K R )G 0N H'GA 1 A %8R 5T (400
~700 nm). HEEAMOOOGEETH(TU-1810, Jbati

B2 BER&TRE
Fig. 2 Design of enclosures

B, 25 SCHR [ 17 ] 05 1 A 1 ek R 6 ( DSi) W .
FHAK Bt 22280 ( Hydrolab, 2% E HACH 2\ #)) il &
KR, KR, MU | SR R 4E(DO) T pHL
1.3 HdEab

KEBHFIE R 1% £ Eam Rz 8
HG )RR E (Z,), A N K TR 14
Mmol-(m -s) TN R EDLE . AR
IR B2 R EE 22 5 W 38 BT X = oK KA 7R E
BT IR b ARG R BB B RE Y 2. 7 50 Ak
FOCRTREE /I,

Z., =2.7x8SD (1)
IR ZUREEE OhKIR 2T HIRA 700 1K
JZ KA B Bl VR IR AR AR . AR IR A

JETREE B2 AR | G RN SR W) BT Y 73 A1 A L

I ZEN 2 R D23 K TR K A 2 B )
X Z, G IEATHESE , B0 =K KR FEE A 1)

B e LA 1, SR UK 3 [0 B8 B2 < 0. 2°C - m ™20 4
LK TR IR B TR TR, T 4545 1] B P 7K AR 2 )
I AIKIRA FEAR F0. 2°C -m ™", RI4% L B P /K44 B

Pri@ ) Z % SChk [16 ] W E K i vk B R REZRZRA R, Z1 ~ 26 IREERE R
(DIN) i f# VB 8% (DTP) FIM 4K a(Chl-a) ¥ %1 iR,
*1 ESERAKBEEDHERKEC-m™!
Table 1 Maximum vertical temperature gradient in each enclosure/°C +m !
- B OI-H) B R
frst 02-06 02-08 02-11 02-13 02-15 02-17 02-19 02-21 02-25 02-27 A B REE/m
71 0.05 0.01 0.17 0.02 0.1 0.17 0. 06 0.13 0.2 0.15 2
72 0.04 0.18 0.16 0.17 0.19 0.02 0.01 0.05 0.14 0.05 5
73 0.19 0.12 0.01 0.13 0.18 0.02 0.01 0.19 0.02 0.06 10
74 0.04 0.01 0.18 0.01 0.01 0.07 0.08 0.14 0.1 0.11 15
75 0. 06 0.1 0.01 0.01 0.02 0.19 0.02 0.17 0.09 0.14 20
76 0.08 0.08 0.02 0.01 0.11 0.02 0.07 0.15 0.15 0.08 30
WSRO T AP, w BRI KR () B, AN B 245
L lnB, — b, (2 PESSHBIER By X BONTT A

t

¢ NISTE] IR (d) 5 AR5 P ABESR Chl-a W JE ROR



s PES R R A A K R M 051
H. DO W BRI 5R 3. It
2 BRESH P WSS AR TR, WK K I

2.1 BT

KR MR ERNEZERNRZ —, KR
XoF AR W ) AR A RRAE | B R A A B R
TR NTTIGIES S AR S PR (21 b E (e
BRI R BV BN BE K TR T M N
TEPERG N, 5 28 AR R P A IR 47 0
e B Rk oKAE. REEEE HOKIR N 13 ~
25°C 77, St b 4% B B K TR E AR T 13°C, SR T
162 A 19 B (K 3) a4 21 52 R iEsEk4E, ol Il
IR IFEAS ST W K A8 7 K 10 G HE I 7.l 3R
T2 WK B R UL P Z1 ~ Z6 HL R AR
AL, 7E 390 wS-em ' ZEAEN,2 A 16 H
2 BRI B H 5 oR 38 B e /M 375 pSeem T A B T

13.5

13.0F

12,5

i Jig~C

12.0 -

1.5

11.0 I I I I I L I
02-06 02-09 02-12 02-15 02-18 02-21 02-24 02-27

00—z =7
=72 =76
96 73 ——H

8.0 1 ! ! ! 1
02-06 02-09 02-12 02-15 02-18 02-21 02-24 02-27

Hil(H-H)

B, pH GETFE 9 ~ 1012, & g pH 28 4k 4n
Bl 3 Fin. SEo a2 s AR, K& pH {E
ARER . 71 $iFERK,2 H 21 H pH Fik
10, Z J WA BEAS AR5 T 9. 6. XFHEIE] 8 1 Chl-a
AR AT I B 21 FIRG 2 & T R ZLR K4, A0
AR FHIE RS, KR pH B & TR, 72 ~ 726 FR
) pH fE7E 2 1 15 HE K, HEREAK,2 H 18 HZ
JEYkSE LT, EARCKRE KM pH (AR TR R 2R
SRS , K AE B B XK AR pH (R 3. L5 b
DO ZBfbt 5 Chl-a 20T N, Z1 [l I 5% K& K AR
Hod DO BERS , W35 37 mg- L', 48 H K A1 s i
AUREE. AWK AE R LR IO A RS R R
A HXRE , AL DO B, /K& pH
H A LA

395
= 389
o
% 383
%
g 377
371 |
365 1 ] L 1 1 1 1
02-06 02-09 02-12 02-15 02-18 02-21 02-24 02-27
B ezl w25
34 --—72 =76
T
- |
£
E
(=]
o

H (H-H)

B3 ARz, EEEFASY

Fig. 3 Diurnal variation of the physical and chemical factors under different Z

2.2 JEESEURRNE
2.2.1 JKNIG5R KOG

B RN K e 4 fos, Hd 21| 72
Pl B0 2 22 0, Z3 ~ Z6 PRI il i =45 FEI B /K R 9
m (JCREGR BE T 0 Ab) . MAH AT UL S A 1] 4%
B 7K ROl i Bl 7K R s Bl AT G 2 (3) BTk 1 48 oy
. 25 BB EOG 2 DL PO s R 51, 7E B2
7 m FERHEL T 0.

X (3) TR LI AR A B FRK T 2 m PG
WREL, AN S s, AR K T il R 500 bh

/N, 80.92m™". A2 H6~21 H,Z1. 722
TR BAFE R, 092 m T EE 1.2 m '
L.1m™". 73 ~76 FIFOEER RN K, K ME
HATET m 'L,
2.2.2  EDLEFRE

HOGRRE (Z,,) F8 TF UK R B G B G r ik |
A VERTS LUK AE KA TR EE S /KA S R i)
GrE ST Ay, LR ER Rl B BE T L WA
KR A TS R G R A ) AR S A R —
2. S HERR 2, E 6 Fin. HEOLZEEARE KRS



3052 R S 34 %
e e Je R e
0 5000 10 000 15 000 0 5000 10 000 15000
0 =
-0.5
E £
= -0 —e— 02-06 =
® —=— 0208 ®
—— 02-10
s —e— 0213
N —— 02-15
—a— 02-17
——02-21
-2.0
0 5000 10000 15000
E E
= =
0 5000 10000 15000 0 5000 10000 15000
0 .
-1.0
=3.0 paes
E E
= B =50
-7.0
_()_0
B4 AEZ,,KTxESH
Fig. 4 Underwater light distribution under different Z
1.4 7
—— 7l
—-— 7 6
13 —a— 73
—— 74 5
E 12 -
ﬁs e !
e ;\E —— 71
Z o e
= 21 e 74
1.0 1 —— 75
[ —e—7h
0 L L ! L ! !
02 ' ' ' 0206 0209 02-12 0215 0218 0221 0224
02-06 02-09 02-12 02-15 02-18 02-21 - -
B (A-H) H (A-H)

B5 ARZ,,T2mAXTREHETH

Fig. 5 Diurnal variation of K ; within 2 meters under different Z

W TSR R , T A (A7 W 5 K B R 1L
240 I R DG RO AR S AR G, AR S v
T FL B A K A TR RL T D B K Hh A i

6 AAZ,, TEXEREATL

Fig. 6 Diurnal variation of Z, under different Z

Wokr. i EYCE AR AL 5K AR Chl-a VIR, X
BRIE 8 n] 1, Bifi i [a] #E 0 Z1 Rl RR P Chl-a 284k i
-V N =R AN S IR RS A ol N R g



8

WRIEESE R 2 R BE X A K B R A 5

3053

2, BV 2R 1 . XPEON , B0 E B, e m A i
1o, i AR g (EAE 2 H 17 H B, 29°8 90
mg-m_3; 72 BB ESZ 561 ] Chl-a ﬁ*fﬁﬁ’pﬁjﬂ
IR RE RN, 76 10 mg-m 7 LAY, 1 HoAl I R 49 Chl-a
WA, HIEATCAS L. e ml 1, Z1 #1722 s &
SR LA BERRAL, B 21 BAEE R, & 2
A 17 HEEERME 1 m; EGZRME)E, KAk
BPEVE— 5 BRAIC, A5 B A I A 408055 , Chl-a FEAIR,
T 8 20 A 055 5 BOK AR 38 3 P T, Bei
JCRFFIRIG R 72 A ARRIAE Ak, 1 At 161 o 0] I
Ak, SRR S, Z1 N Z2 BRSO 1 ~7 m 5
~7 m, HAGFEG 7, AR GERAE 7 m A2 4. Hgn]
W, KRB Z 5K Y Chl-a 56 22 R BRIE R,
Xt REIEL 5 AT H B )2 5K R Ol sk & s 1k i
FR.

2.2.3 Z./7..

SN Z,, 2, AR nE 7 B, |7
WA N, 21 | 72 FERG Z,,, 7, AE B sh Ak, AR
FFEE IR 172 ~7/2 1 ~7/5, HAbFE & T B
WAk, R Z,, 2, KRR AGE, B Z1 ~
60 Z,Z 458Nk 72, 7/5, 1/10, 1/15,
7/20 ., 7/30.

2.3 Rk AR bR
2.3.1 ARG ZERET i fhE s

45 L o v 40 23 B A0 ) 8 T/ 3 A LI 30
Z1 ., 72 [l PRS2 e B G R, 23 ~ Z6 11 b ) A
g, 71, 72 FIMR#AE%EAE 2 H 13 HHG
M K, 21 B TE 19 H ik 20§ {E, 29 40 x 10°
cell- L' ILJG FRURRRAR ; 722 FIRRTE 21 HIkF|IE(E
299 x 10° cell - L™", 0 J5 BEAR. L Ath I PR LA B 107 7K
P T L 2 U O R 45 PR o o 2 L 2% 8 S5 1 8

i Chl-a ZRfEE AL
50
-7l
- 72
40 —a73
74
T, =75
= 30f 76
3 —~—H
2
w 20
fd
9
0

02-06 02-09 02-12 02-15 02-18 02-21 02-24 02-27
HIM (H-H)

| | ] 1 |

1
02-09 02-15  02-18

HiW (A-H)

02-12 02-21 02-24
7 AR Z,, FHRREIEEEK

Fig. 7 Diurnal variation of Z,,Z . under different Z

2% k% Chl-a 40l 8 frn. M AT AHNR & 2R
BRIy 71, 72 IR Chl-a ¥ B 535 v T H A
W% ,Z3 ~ 76 FEIRE LA Bl K A6 W 8 P Chl-a ¥R BEHF
LA, 7E 1 mg~m'3E/T:T?BiZjJ. 71 @ Chl-a ¥k &
H2H6~19 HRREHmM, €2 7 19 HIkF[IE(E 90
mg-m " MR FFUAREAE. 722 IR Chl-a KEEH 2 A
6~11 HEEWEK, % 2 A 21 HiL®EH 9
mg-m ", S WL WA,

ORI 4417 Py 45 961 o PR DL S e A 11 9 i, 2
MBS 3 1T, 00 ke ] | SRl ] Mg ). Hop
Z1 | 72 1B 55 5540 0 B v 1) 3 2 0 34 e i oAy ik
P TEAMA ARSI A Sk, 73 ~ 76 IR
T AR LI P = I At A o e
2.3.2 AFENRAEHRE N EIAERKER

FRAE SEH A3 B9 Chl-a W HE A RNES)Z
TR A LR R, S5 N 2.

W 2 FrzR ,2 m IR A0 LG PN B 2 A K e,
HE %R 0,374, B 2, 360N, SR g KR 2
R, 30 m TR A R 2R A K g e K
EH 0. 046.

0
02-06 02-09 02-12 02-15 02-18 02-21 02-24 02-27
HB (3-H)

B8 A[EZ,, THEZEER Chl-a T
Fig. 8 Variation of algal density and Chl-a under different Z .



3054 I A 34 %
a + + + + + & & ; :i§
72 | + b + 4 1 o O R
73 + + + + + + o
g Z4 + + + + + + -
Z5 + + + + + + +
76 + + + + + ) +
H + + - - + B +
02-06 02-08 02-11 02-13 02-17 02-21 02-27
HM (A-H)
B9 KA z,, FEHREEH
Fig. 9 Predominant algae species under different Z
%2 REZ,, FRLLKE
Table 2 Algal special growth rate under different Z
ity Z1 72 74 VA] 76
Z i/ m 2 5 15 20 30
A 0.374 0. 186 0. 090 0.077 0. 075 0. 046
120
3 g ——02-19
100 =
3.1 I AE BSR4 K B AL
80 -
Sverdrup' "> 7E Gran %' T+ 1935 4EH H A 7K A4 "z
LA B AL A B 1 S 1y T 2 £l
il SR BIE X B a8 1 IE T  ) A S wl
PRSI R E R, HIRARRE ol
T I SRR EE R A B Tl s A K ez
SRR . I R e T Ak R 0l et
Zel Zmix

FT PR R RS FEAR 5T X AR 5] )92 A R
FREOBL RBIRAE L Z,, /7, 5 Chl-a [ &I,
W45 BRI EOLZ B BN WILRE 7 m (RPN ARSI
R LR TERI 450 ) |, 43R 10 B,

21, 2 Bl 2,./Z, fHEH KT 1, H Chl-a #RJE
=, KR T DB R A, B 21, 22 FEIFR 2 m
PICTEI R B T AL B (B S) 5 73 ~ 76 B
2./ 7, AEE/INTF 1, H Chl-a WREEMIN /N, 764 3
W Z,./7 A85 Chl-a BHISEME R 0.936, £ IF B3
M, T Z, /7, 3 i b v R O e A K 1 6
FEVESERR. X XA X TR 2010 4EFTEK
AESZ I R 70T 55 h BT A5 45 18 A AT, Sverdrup' ™ (1
FLZ RIS IE FH = e K 2R KA.

E10 AEZ,/Z,ET Chl-aZ
Fig. 10 Variation of Chl-a under different Z,,/Z

mix

Sverdrup:m Fet4g i Z,,/ 7, AFE— DI AHE KT
e S 77 U 0 2 K 2 32 SRR AT R B 2 & K
415350 Oliver 2171 % RS H A J6 1 Z= 345 PR A1k,
B AR E 0.2 ~0.35, K100 2, /7 (Y5
Chl-a f45 B 0E T G FHE M AEAE, LB b Z1 ~ 75
Bk Z,,/ 2, [T 0.35 1A 71, 22 kKK
e mS T Z, /7, W RHE S T 0.35, 2,/ 2,
e L 11 2 S 106 B DL A2 22 T TR 38 1) s )
3.2 JKARTE MR A XK AR 1 R

P40 vl il L2 S AEAR S0 v BT — 58

®3 AEBUEIRS Z,/Z,;, . Chl-a BIHEESH

Table 3 Correlation analysis between different physico-chemical indicators and Z,, /Z,
Chl-a m K, DO A G pH iY;:3
Z o/ Z i 0.936( * *) 0.943( = =) 0.899( =) 0.943( * =) 0.714 0.943( * *) -0.543
Chl-a 1.00( * =*) 0.986( = =) 0.886( =) 0. 645 0.886( *) -0.6

1) # * FmRBUE ¢ 150 B EMKFE P<0.01, = TRMUE ¢ 1508 EMEKF P<0.05



8 FRTESE TR 2 IR S A K TS 3055

Ao I, 763X BLG ] Sverdrup ' ilf L2 BEE rf 42
HE 0 AR AT < TR Z TR B /KRS [m] ) T A
DL A 5] IR G 2 K TR OGRS R b i i,
[V P R R E .St
I, =1 xe™ (3)
K, 1, KR Z WEEDChE R, g« cal s 1, JKIEFR
EAGERER g cal+ (em®+h) 7.
fERISE AL IR 1] N O SV E I ML ™ BEIE L
THFTZ KT OCHRBRBE 45
P =ml, (4)
AP, P NEROCEE ALY - i, g-cal; m A
BESIP IR A FH SRS I 5] AT AR A FLA A 5
JETK, AL
R =n (5)
2, Ry W W AR 57 1) (] 9 A BIL A T AR
g-cal; n WRHL
2 (4) F(S) T m F 0 FEAZKIEFE I, T A
S T 2% L BB PN Kl 22 S0 D BT A A
ZMEK T RS L e A B TR A i
ISZI, AT A5 o I R] RSO0 S VR A DL ™ &
WA FH A HL T AR R B ik 0N

Pzzmﬁmf;<-axe*@d2 (6)

R = nf;dzf_zdz (7)

Sverdrup " @t R (6) | (7) ARG T ZIE
FE FRUITEIG FZ R LA, P > R, KAEFT RE 2 K.
ARSIGAE I FLZ BEIE RO JERE b RBE Z TR KR
SEHDCIREREE R L, WK Z K, 1, /N B
(4) . (5) T RA)Z Z WK IREEZAE WL A
G RIE ST W

G=P-R=ml,-n (8)

K, 6 HEA VBRI R AT T , g+ cal.

HEC(8) Ml Z K, G /. B Z BK IRA
JE VBRI G 7 N SR AR K R R
Xof BESIZ G v 4% LB P K AR Chl-a 1928 fE 3 5 (1D 8)
KA L 3G KR (e 2) WA, 71, 72 FEIBE Chl-a
B 2R T A R B, L A A b 1S K R 45 S
0.374 0. 186, L KT HoAth Bl B , 1T Z3 ~ Z6 FE &N
KEBERARKEE, AR ILFRAZD. Wik
7, HERE I SR R 7 ).

KR, BFRERWE R A R AT, R
(A A T ) ] A RAROGRR A RE . T A G a4

IR ) JL 5 B #B 7 22 J2 AR 1 3 23 K A o gl
e, A DR A I BB AT LA 28 35 SR i K AR
I EOLIR AN BT R R | B2 152 6 IR
oy B A TR AR IR R LUK [0 2K 3)
TR 0 e A e ) (S A8 T A 1232 A RO L3R 1L
AR 2 TR, B2 WA RO L Y J LR
R, AR KB 3xX 5 DL A T A 25 TR AR AT

4 HFig

(1) IR 2SS H TA S5, 3 T il A28
WEKIK Z, /7, KRR SR 7. L)ZEK
ORERA R FETTHOR IR, B MIR A 21
HHEZOC IR 75y HAE R R .

(2)Z./ Z N5 0 S 7K AR R 1 G S [
¥, 2./ 7 N T SRR K A5 A 1 2 A

(3)Z, BN REJZ N BE0R T, BK, B3
B2 D IR T o, H R A 7= R ez
ek

. Bl W L AR AR B B I | e L R
TEERR BRI B, S50 A it B v AR BNk i T
TN AR )R ) SCRE 7RI — T B0
EEE ¢
(1] PR ANRITHMERSAY R, RIT =k TRAS SN

WA 1997[ R]. JL5t. EZKAERY SR, 1997.

[2] BEEREY, XITHE, WRUIMEE. ANFEIE T KEA MBI T].
AR, 2008, 19(10) ; 2293-2298.

(3] ZdE, FHE=, FEW. =S X R0 5 Y R R s
[J]. sRDUR2E24R (T2EM) , 2003, 36(2) : 29-32.

[4] BRI, XEE, HIEH, % = WoKEFEIMELLER
BOKE A THHLERIER )], BRI AT, 2012, 25(6):
645-651.

[5] PRANRIHMERSEAY SR, KIT =k TRAS SN
WA 2006 R]. JL5t. EZKHEELRY SR, 2006.

[6] 2wk, XITHE, MiEm, 5. TROK K A 3 i 2 v 6]
SERNG R HX KR T]. KF2He, 2010, 41
(6): 691-696.

(7] BPZR, FHEH. WX s E K mi s o[ 1]. dt
HUKA, 2005, (2): 12-14.

[8] ZEF, Huk, ILA=. KNIy A 0EX & 8 SR s R AR
BT]. AKFKEHEA, 2005, 36(5) ; 15-18.

(9] XUZRHML, PME, sRAIK. WM IR AL 7K SR 0T V% 25 4
FELT]. REFHAEZS2A4R, 2003, 14(11) ; 1963-1966.

[10]  ZRMOME, VA2, RAES, S UL R0 & & X Ry
5K BB A F B4 A AR AE [T ], R AR 24, 2003,
14(7) : 1135-1139.

(1] sRBeh, sk, IRIT, 5. WITEK 3l ot i Ak K ig
)], FERAEERE:, 2007, 27(5) : 707-711.

[12] Sverdrup H U. On conditions for the vernal blooming of



3056 woB B % 34 %
phytoplankton[ J]. ICES Journal of Marine Science, 1953, 18 Potts M ( Eds. ). The Ecology of Cyanobacteria [ M ].
(3).287-295. Netherlands; Academic Publishers, 2002. 149-194.

[13] Berger S A, Diehl S, Stibor H, et al. Water temperature and [27] AREFy. =Wk & B R A B 2R R R 3R 85 R 2 52 i ik 9%

[14]

[15]

[17]

[18]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

mixing depth affect timing and magnitude of events during spring
succession of the plankton[ J]. Oecologia, 2007, 150(4) ; 643-
654.

Fonseca B M, Bicudo C E M. Phytoplankton seasonal variation in
a shallow stratified eutrophic reservoir ( Gargas Pond, Brazil)
[J]. Hydrobiologia, 2008, 600(1) : 267-282.

Dy, XIEEE, IR, 5. ZWOK R IR VS K IR 45

B FORF AR 2 KAR RS [J]. KA 2R, 2009, 2(5) -
6-11.
FE IR R SR, KRR K MW a A ik [ M. (S5

). dbst: HPEPRERLE L, 2002, 243-670.

SL91. 1-1994, Ak (T 4% ) 109 I (kB 25 0 D06 BE
H)[8].

Kirk J T O. Light and photosynthesis in aquatic ecosystems[ M ].
Cambridge: Cambridge University Press, 1994.

Reinart A, Arst H, Erm A, et al. Optical and biological
properties of Lake iilemiste, a water reservoir of the city of Tallinn
Il ; Light climate in Lake iilemiste[ J].
Research & Management, 2001, 6(1) ; 75-84.

Lakes & Reservoirs:

Lawrence I, Bormans M, Oliver R, et al. Physical and nutrient
factors controlling algal succession and biomass in Burrinjuck
Reservoir| R]. Canberra: Land and Water Resources Australia,
2000. 119-120.

Chen X C, Wang X D, Wu D Y, et al. Seasonal variation of
mixing depth and its influence on phytoplankton dynamics in the
Zeya reservoir, China[ J]. Limnology, 2009, 10(3) ; 159-165.
Rochford P A, Hurlburt H E. An optimal definition for ocean
mixed layer depth[ J]. Journal of Geophysical Research, 2000,
105(C7) : 16803-16821.

Hecky R E, Kilham P. Nutrient limitation of phytoplankton in
freshwater and marine environments: a review of recent evidence
on the effects of enrichment[J]. Limnology and Oceanography,
1988, 33(4_part_2) : 796-822.

Raven J A, Geider R J. Temperature and algal growth[ J]. New
Phytologist, 2006, 110(4) ; 441-461.

Eppley R W. Temperature and phytoplankton growth in the sea
[J]. Fishery Bulletin, 1972, 70(4) : 1063-1085.

Oliver R, Ganf G. Freshwater blooms[ A]. In: Whitton B A,

[28]

[30]

[32]

[33]

[34]

[35]

[37]

[D]. HR: HEEKRE, 2007,

TERBE, Sk, ke, TSR EIM]. (=),
WG REE ;WA /R Tl R ik, 2002.

Gran H H, Braarud T. A quantitative study of the phytoplankton
in the Bay of Fundy and the Gulf of Maine ( including
observations on hydrography, chemistry and turbidity ) [ J].
Journal of the Biological Board of Canada, 1935, 1(5): 279-
467.

Nelson D M, Smith W O Jr. Sverdrup revisited: critical depths,
maximum chlorophyll levels, and the control of Southern Ocean
productivity by the irradiance-mixing regime[ J]. Limnology and
Oceanography, 1991, 36(8) : 1650-1661.

Platt T, Bird D F, Sathyendranath S. Critical depth and marine
primary production [ J ]. Proceedings of the Royal Society of
London. Series B: Biological Sciences, 1991, 246 (1317) ; 205-
217.

Tirok K, Gaedke U. The effect of irradiance, vertical mixing and
temperature on spring phytoplankton dynamics under climate
change: long-term observations and model analysis [ J J.
Oecologia, 2007, 150(4) : 625-642.

Townsend D W, Keller M D, Sieracki M E, et al. Spring
phytoplankton blooms in the absence of vertical water column
stratification[ J]. Nature, 1992, 360(6399) ; 59-62.

X, XEET, B, . KR4 JZE X =K B AR I R
HHRFRAEREZmM )] FER, 2012, 33(9): 3046-
3050.

Harris G P. Photosynthesis, productivity and growth, the
physiological Archiv  fiir
Hydrobiologie Beiheft Ergebnisse der Limnologie, 1978, 10 1-
171.

Scheffer M, Rinaldi S, Gragnani A, et al. On the dominance of

ecology of phytoplankton [ J J.

filamentous cyanobacteria in shallow, turbid lakes[ J]. Ecology,
1997, 78(1) : 272-282.

Oliver R L, Hart BT, Olley J, et al. The Darling River: Algal
growth and the cycling and sources of nutrients[ R]. Murray-
Darling Basin Commission Project M386 1999, 2000. 55-57.
Lembi C A. Limnology, Lake and river ecosystems[ J]. Journal

of Phycology, 2001, 37(6) : 1146-1147.



HUANJING KEXUE Vol.34  No.8

Environmental Science ( monthly) Aug. 15, 2013

CONTENTS

Characteristics of Haze and Its Impact Factors in Four Megacities in China During 2006-2000 -«++«+xesxereeressesrersenssennennenseinsnnensininnenens DAI Yong-li, TAO Jun, LIN Ze-jian, et al. (2925)
Characteristics of VOCs and Their Photochemical Reactivity in Autumn in Nanjing Northern Suburb LI Yong-yu, ZHU Bin, AN Jun-lin, et al. (2933)
On-Line Measurement of Water-Soluble Composition of Particulate Matter in Beijing CHENG Meng-tian, PAN Yue-peng, WANG Hui, et al. (2943 )
Design and Evaluation of an Aerosol Nanoparticle Generation Syslem ««+««s«essessesersessensesnemensenssinensnsis s MAI Hua-jun, JIANG Jing-kun, HE Zheng-xu, et al. (2950 )
Aerosol Size Distribution of Organic Carbon and Elemental Carbon on the Top of Coke Oven and in the Plant Area «+eoveeereseseseneeenns LIU Xiao-feng, PENG Lin, BAI Hui-ling, et al. (2955)
Effects of Diurnal Warming on Soil N,O Emission in Soybean Field = eoeseeeereseeresssrnsni HU Zheng-hua, ZHOU Ying-ping, CUI Hai-ling, et al. (2961 )
N,0 Flux in Winter and Its Affecting Factors Under Different Land Use Patterns WU Yan-zheng, ZHANG Miao-miao, QIN Hong-ling, et al. ( 2968 )
Prediction of Methane Emission of Paddy Field Based on the Support Vector Regression Model - CHEN Qiang, JIANG Wei-guo, CHEN Xi, et al. (2975)
Distributional Characteristics of Nutrients in the Sea-surface Microlayer and Subsurface Water of the Bohai and Yellow Sea in Summer -+ WANG Wen-tao, YANG Gui-peng, YU Juan, et al. (2983)

Effect of Nitrogen and Phosphorus Concentrations on the Adsorption of BDE28 and BDFAT by Prorocentrum donghaiense Dominant Population — «+«+sessesserseresesenenseninenennsnininennenen

WANG Fang, GE Wei, CHAI Chao, et al. (2992)
Hyperspectral Remote Sensing of Chlorophyll a Concentrations in the Lake Taihu, Based on Water Optical Classification SUN De-yong,ZHOU Xiao-yu, LI Yun-mei,et al. (3002)
Bacterioplankton Index of Biotic Integrity (BP-IBI): An Approach for Assessing River Ecosystem Health in Dianchi Watershed — ++e+serereerererseenenssninaennns HUANG Yi, SHU Zhong-ya ( 3010 )
Estimation of Urban Non-Point Source Pollution Loading and Iis Factor Analysis in the Pearl River Delta «+evereeeeseererrenrienscnenne LIAO Yi-shan, ZHUO Mu-ning, LI Ding-qiang, et al. (3019)
Transported Fluxes of the Riverine Carbon and Seasonal Variation in Pearl River Basin «+«+essesserseeesesenensennienenniniinennininenns ZHANG Lian-kai, QIN Xiao-qun, YANG Hui,et al. (3025)
Characteristics of Nutrient Loss of Lanlingxi Watershed in the Three Gorges Reservoir Area «-e+eeeseeseersesesisseneneinienenennenne ZENG Li-xiong, XIAO Wen-fa, HUANG Zhi-lin, et al. (3035)

Characteristics of Dissolved Organic Carbon Release Under Inundation from Typical Grass Plants in the Water-Level Fluctuation Zone of the Three Gorges Reservoir Area «++weeeessesreseenees
................................................................................................................................................................................. TAN Qiu-xia, ZHU Bo, HUA Ke-ke ( 3043

Research on the Influence of Mixing Layer Depth on Algal Growth CHEN Yang, YANG Zheng-jian, HUANG Yu-ling, et al. ( 3049

Denitrification Study of Elodea nuttallii-Nitrogen Cycling Bacteria Restoration in Meiliang Bay, Taihu Lake ZHAO Lin, LI Zheng-kui, ZHOU Tao, et al. (3057

Influence of Combined Ecological Floating Bed on Nitrogen and Phosphorus Between Overlying Water and Sediment ~ ++«++=+++++xe+- ZHENG Li-guo, YANG Ren-bin, WANG Hai-ping, et al. (3064
Effects of Biochar Covering on the Release of Pollutants from Sediment -+ LI Yang, LI Feng-min, ZHANG Xiu-wen, et al. (3071
Temporal-spatial Difference of Ecotoxicity and Heavy Metals Pollution in Shima Catchment, Dongguan «+«+xeeseeseesressessesensimninsinennne GAO Lei, CHEN Jian-yao, KE Zhi-ting, et al. (3079
Evolvement and Pollution of Heavy Metals in Core Sediments from Yamengi Lake in Lianhuan Lake, China «eesereereereeresenenseeenes XIAO Hai-feng, ZANG Shu-ying, GUAN Ying, et al. (3088

Effect of Constructed Wetland on the Purification of Industrial Zone Rainfall Runoff Contaminated with Phenanthrene ++ JING Dan-dan, WAN Jin-quan, MA Yong-wen, et al. (3095
ZHENG Jia-yu,LIU Lin, GAO Da-wen et al. (3102
LIU Shu-ming, WU Xue, OUYANG Le-yan (3108

DING Chun-sheng,ZOU Bang-wen,MIAO Jia,et al. (3113

Removal and Accumulation of the Tetracycline Resistance Gene in Vertical Flow Constructed Wetland

Method for Optimal Sensor Placement in Water Distribution Systems with Nodal Demand Uncertainties

)
)
)
)
)
)
)
)
)
(3108)
Formation Process of Nitrogenous Disinfection Byproduct Trichloronitromethane in Drinking Water and Tts Influencing Factors ( )
Removal of Estrogens in Laccase Catalyzed Oxidative Processes «+:+seeseeeseesressessssmensniininiiii XIA Qing, XIE Wei-ping, LIU Guo-giang, et al. (3119)
ZHU Hong, HU Xiang, LI Jun-feng ( 3125)

GE Lin-ke, LI Kai, YANG Kai, et al. (3132)
YANG Hai, ZENG Jian, LI Yuan, et al. (3137)
(3143)

(3151)

(3156)

(3164)

(3171)

)

)

)

)

)

)

)

)

)

Study on Electrochemical Degradation of Ceftazidime by Carbon Nanotubes Electrode

Photochemical Reaction Types of the Azole Fungicide Fluconazole Under UV-vis Irradiation
Photocatalytic Degradation Kinetics of Diuron by Ti0, and Simulated Sunlight

Adsorption of Congo Red from Aqueous Solution on Hydroxyapatite -+ -+ ZHAN Yan-hui, LIN Jian-wei (3143
WAN Qi, LI Xu-chun, PAN Bing-cai (3151

Chlorination Characteristic and Disinfection By-product Formation Potential of Dissolved Organic Nitrogen Compounds in Municipal Wastewater  *+* LIU Bing, YU Xin, YU Guo-zhong, et al. (3156

Ethanol-Induced Influence on the Structure and Arsenate Adsorption of Resin-based Nano-hydrated Ferric Oxide -+

Start-up and Maintenance Method for Short-Cut Advanced Nitrogen Removal Process in a Pilot-Scale Reactor at Low Temperature -+ »+ GU Sheng-ho, WANG Shu-ying, PENG Yong-zhen (3164

LAI Wei-yi, ZHOU Wei-li, HE Sheng-hing (3171

Study on the Start-Up of Anaerobic Ammonium Oxidation Process in Biological Activated Carbon Reactor

Excretion of Manure-Bome Steroid Hormones and Their Potential Risk in the Three Northeast Provinces of China —+«++sesessressesssnnenenns LIU Shu-fang, LI Yan-xia, ZHANG Xue-lian, et al. (3180
Spatial Distribution and Composition of Perfluorinated Compounds in Soils Around the Huaihe River -«+«+«ssseeeserserensenmnmncnennincnenns MENG Jing, WANG Tie-yu, WANG Pei, et al. (3188
Fluorine Speciation and Its Distribution Characteristics in Selected Agricultural Soils of North China Plain «v+xeeeeeerervssseesensisiiniisnnn YI Chun-yao, WANG Bing-guo, JIN Meng-gui ( 3195
Effects of Long-Term Manure and Crop Residues Incorporation on Yield and Phosphorus Saturation in a Paddy Soil ««+s+seeveresereereesneenne YAN Xiao, WANG De-jian, ZHANG Gang,et al. ( 3205
Influence of Organochlorine Pesticides in Wastewater on the Soil Along the Channel = +«««+eesesserserssenenennininisie XU Liang, ZHANG Cai-xiang, LIU Min, et al. (3211
Elution of Endosulfan from Contaminated Soil by Surfactants and Their Combination =~ ««+:«+s«ssssseessessessenmssssninnienenenns XIONG Bai-lian, ZHENG Guo-can, ZHANG Jin-zhong, et al. (3216

Effects of Different Aspects on Soil Microbial Biomass and Dissolved Organic Carbon of the Loess Hilly Area ZHAO Tong, JIANG Yue-li, YAN Hao, et al. (3223
Effects of Nitrogen Addition on Red Soil Microbes in the Cinnamomum camphora Plantation YU Pei-yi,ZHU Fan,SU Shao-feng et al. (3231
Concentration, Profile Distribution and Source Identification of PCDD/Fs in Environmental Medium Around a HSWI — »eeseeseeeeseereenees HUANG Wen, ZHANG Su-kun, DU Guo-yong, et al. (3238
Assessment of Bioaccessibility of PAHs in Microbial Degradation Process Using Solid Phase Micro Extraction and Solid Phase Extraction -
............................................................................................................................................................ GUO Mei-xia, GONG Zong-giang, LI Xiao-jun, et al. ( 3244
SHAO Qian, YE Jie-xu, OUYANG Du-juan, et al. (3251
-+ XU Ying, QIU Tian-lei, HAN Mei-lin, et al. (3257
+++ SONG Yong-wei, ZHAO Bo-wen, HUO Min-bo, et al. (3264
GUO Lu, MAN Nan, LIANG Dong-li, et al. (3272
Effect of Pretreatment on Storage and Biogas Production of Baling Wheat Straw —««+s+seeessessersesssesemeneninienensnininens MA Hui-juan, CHEN Guang-yin, DU Jing, et al. (3280
Toxicity of Nitrate-N to Freshwater Aquatic Life and Its Water Quality Criteria «»«+esseseereesesessmenenmmnennininne ZHANG Ling-song, WANG Ye-yao, MENG Fan-sheng, et al. (3286
Analysis Performance of Biological Toxicity Testing MTOXPlate Using Microplate LIN Yi-yun, ZHANG Guo-xia, HE Li-ping, et al. (3294
Study of Combined Effects of DES and EV on the Proliferation of MCF-7 Cells by Two Experimental Designs LIU Qian, LEI Bing-li, AN Jing, et al. (3303
Status and Influencing Factors of Polychlorinated Biphenyls (PCBs) Pollution in the Coastal Areas in China LIU Min-xia, YANG Yu-yi, LI Qing-xiao, et al. (3309
(
(

Biodegradation of Tetrahydrofuran by Combined Immobilized of Pseudomonas oleovorans DT4
Analysis on Microbial Community in Biofilm Coating onto Solid Carbon Source Using the PCR-DGGE Technique *

Effect of Temperature on Activity of Acidithiobacillus ferrooxidan and Formation of Biogenic Secondary Iron Minerals

Differences of Selenium Uptake Pattern of Pakchoi and the Possible Mechanism When Amended with Selenate and Selenite -+

)
)
)
)
)
)
)
)
)
)

Pharmaceuticals and Personal Care Products( PPCPs) in the Effluent of Sewage Treatment Plants -+ ZHENG Shao-kui, LI Xiao-feng (3316)
-+ JIANG Zhi-xiang, ZHENG Hao, LI Feng-min, et al. (3327)

Countermeasures for Strict Water Quality Management of Drinking Water Sources: Some Thoughts and Suggestions on Tmplementing Strict Water Resources Management «+++++++++- FU Guo-wei (3334)

Research Progress on Biochar Carbon Sequestration Technology = ««+s«+seseesrerreseesenensinineneininnes



£ % K

(AERIZEYE 6 RREZRS

FH Az

B4 BEAE EH | N
B OF. (FUEREEH)

FTENL EARR EYLE L%
AKE XEER Bl BRET
BRFHAZ &4 2 A R
woOM BosR OB 49 W W%

w#H A7

(HUANJING KEXUE)

ER Al
i
I
MRS

HE O S
JESAl A

KFE WO

ENVIRONMENTAL SCIENCE

(Monthly Started in 1976)

(AT 1976 48 A4ITI)
WI34E8HISH 34% EsH Vol.34 No.8 Aug. 15, 2013
£ & TEPER Superintended by Chinese Academy of Sciences
* B PEPB AR SR O Sponsored by Research Center for Eco-Environmental Sciences, Chinese
i B (UBIEENFE) Academy of Sciences
AU HT BR3P R S B ST B Co-Sponsored by Beijing Municipal Research Institute of Environmental
R N7 S Protection
e % ORI A School of Environment, Tsinghua University
P g (I i B} 2z W EEE S Editor-in -Chief OUYANG Zi-yuan
. . N " Edited by The Editorial Board of Environmental Science ( HUANJING
JETT 2871 (A (HE X XU B
8 KEXUE
18 5, WREC 4 i : 100085 ) ) _
LT .010-62941102 01062849343 P. O. Box 2871, Beijing 100085 , China
B '010—62849343 ’ Tel :010-62941102,010-62849343 ; Fax:010-62849343
E-mai.l-hjkx@ rcees. ac. cn E-mail: hjkx@rcees. ac. cn
hitp ://www. hikx. ac. cn http : //www. hjkx. ac. e¢n
H BR 4 3 " " i Published by Science Press
LB R MR AL AT 16 2 16 Donghuangchenggen North Street,
ZIN N B
Hﬂgﬁéﬁﬁ% .100717 Beijing 100717 5 China
EN R 23T dvscdbAkenil) Printed by Beijing Bei Lin Printing House
% 1T 4 4 * K i Distributed by Science Press
FE 35 .010-64017032 Tel :010-64017032
E-mail ; journal@ mail. sciencep. com E-mail ; journal @ mail. sciencep. com
iT M & SEZHHIRAER Domestic All Local Post Offices in China
EShE&EIT PEERREFRS BT Foreign China International Book Trading Corporation ( Guoji
(b5t 399 f544) Shudian) ,P. O. Box 399, Beijing 100044 , China
— ISSN  0250-3301 N
ETS —————— =5 2-821
RERETS CN 11.1895,X ERE RN S:
E W E fir:90.00C EsS&ITRS: M 205

BERSMRFEIT




	01.pdf
	fm.pdf
	zml.pdf

	20130817.pdf
	03.pdf
	yml.pdf
	fd.pdf




