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25.96x10° 4~/L,0. 56mg/L,4. 22mg/L;0. 84mg/m’ ,12. 10x10° 4~/L,0. 46mg/L,6. 95mg/L; SHTF X 4 E a IF AW 5
COD,, i fiE EER 3 NN S IIRE BN 0. 73mg/m’ ,6. 77x10° 4~/L,0. 51mg/L,8. 75mg/L;1. 00mg/m’ ,9. 72x 10
A~/L,0.37mg/L,5. 9%4mg/L;0. 78mg/m’ 4. 59x10° 4~/L,0.55mg/L,7. 40mg/L, AWFFEHE (92 WOIR S FEd b & WY I 1%
T & B IS IR, BRF 43 X, AR R ZE75 [ 48 R i 2 ARSI AR B ER

FKBEIA B I S BORAS s AR B KT

The reference condition for Eutrophication Indictor in the Yangtze River Estuary

and adjacent waters — response variables

ZHENG Binghui'*>* | ZHU Yanzhong'*, LIU Lusan'*, ZHOU Juan'*, LIN Kuixuan'”’

1 State Key Laboratory of Environmental Criteria and Risk Assessment , Chinese Research Academy of Environmental Sciences ,Beijing 100012, China

2 State Environmental Protection Key Laboratory of Estuary and Coastal Environment, Chinese Research Academy of Environmental Sciences, Beijing

100012, China

Abstract; The selection of eutrophication indicator and determination of its reference condition is a key process for nutrient
establishment in coastal and estuarine. In this paper, the response variables of eutrophication indictors in the Yangtze River
estuary were primarily selected. And then, the Yangtze River estuary and adjacent waters was divided into four sub-areas as
follows; transitional zone, Outside Yangize River Estuary, Hangzhou Bay and Zhoushan sea based on the natural and
geographical characteristics of the Yangtze River estuary. Furthermore, the “frequency distribution curve” method was used
to determine the reference conditions of response variables in the coastal zone outside of the Yangtze River estuary and
Zhoushan Archipelago based on the analysis of the data collected from the Yangtze River estuary and adjacent waters during
2009 to 2010. The “frequency distribution curve” method was carried out by SPSS 13.0, and the upper 75" percentile was
used as a starting point, the lower 25" percentile was also suggested. What to be paid attention was that as the

phytoplankton was difficult to breed in transitional zone and Hangzhou Bay because of the lower transparency and higher
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turbidity, the two sub-areas would not be considered to determine the reference condition.

In the present study, chlorophyll-a (chl-a) and bottom dissolved oxygen (DO) were chosen as the basic indicators,
while, phytoplankton density and permanganate index (COD,, ) were chosen as the auxiliary indicators. The reference
condition values which can be referred as the nutrient criteria values were listed in the order generally as follows. In Outside
Yangize River Estuary, the chl-a reference condition values were 0. 87mg/m’ in spring, 1.88mg/m’ in summer, 0. 84mg/
m’ in autumn; the phytoplankton density reference condition values were 17.44x10’cells/L in spring, 25.96x10"cells/L
in summer, 12.10x10%cells/L in autumn; the COD,, reference condition values were 0.42mg/L in spring, 0. 56mg/L in
summer, 0. 46mg/L in autumn, the bottom DO reference condition values were 8. 36mg/L in spring, 4. 22mg/L in
summer, 6. 95mg/L in autumn. In Zhoushan sea, the chl-a reference condition values were 0. 73mg/m’ in spring,
1. 00mg/m’ in summer, 0. 78 mg/m’ in autumn; the phytoplankton density reference condition values were 6. 77x10’ cells/L
in spring, 9.72x10%cells/L in summer, 4.59%10%cells/L in autumn; the COD,,, reference condition values were 0. 51 mg/
L in spring, 0.37mg/L in summer, 0.55mg/L in autumn; the bottom DO reference condition values were 8. 75mg/L in
spring, 5.94mg/L in summer, 7. 40mg/L in autumn. Compared with the relevant studies about chl-a in the same study
area in 1980s, the reference condition values determined in this paper were close to the average chl-a concentration in
1980s. Accordingly, the reference condition values could reflect the nutrient conditions of the Yangtze estuary and adjacent
waters.

The results showed that there were distinct differences among different sub-areas, and different seasons. Therefore, it
is very necessary to develop suitable management measures for different sub-areas and different seasons in the Yangtze River
estuary and adjacent waters. Establishing the reference condition is one necessary element of the criteria development
process. Reference condition values were appropriately modified on the basis of the examination of the historical records,

expert judgment, as well as consideration of downstream effects.

Key Words: eutrophication; reference condition; response variables; Yangtze River estuary
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Table 1 Analysis methods of monitoring indicators
WH FAAER 5T VAR WIReS Vixi[wipe 37l
Ttems Sampling instruments and methods ~ Analysis methods Sources of analysis methods
1% Dissolved oxygen(DO) GO-FLOW Rk #5307 Tl 5 v GB/T 12763. 4—2007
CODy, [ I P e R GB 17378.4—2007
FFUFHIY Phytoplankton GO-FLOW Rk %% BB AR 1AL GB/T 12763. 6—2007
4% a Chlorophyll-a (chl-a) GO-FLOW Rk # , 2L UEPRAF Vapliv i A GB/T 12763. 6—2007

1.2 Bdakbsi 5 5rbr

1992 4EF] 2010 4F 1Y I A B, 20 22715 o3 KA T 70 HIH 28 AR5 AT SPSS v13. 0 AT R 58 11
G3HT o
1.3 SHREHE ik
1.3.1 48hRiE

— R, KR E SRR R R A3, — R R A BB SRR bR, X R R BUKIR s B IR R
AL, 75— 5024 R a(Chla) JRIWEHEY) S B (SD) 2= A (COD,, ) (%40 ( DO ) 451 L
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COD,,, JKJZ DO TER#bFedE s, Lhoe i HE FR b SR R
1.3.2 4#IX

X1 57 = A ARG IT 1 7K 3 [ SR b AR AE HEA T4 X, 20 R VT L 9 X VT 1 AR X T 2 7 DX
LR DX PUASIEE X 2T (P 1) A3 X7 PR DL SR 2% 4 AN I ROERBE R B TR RNIA i B S R bR i —
MR T, 45 M X Z R R, KB AHY D BT RITO XM ME h T ERRDFELE
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B 1 AN EE IR B B 240 96km ) |, kIR K 26 ) F 4R, 2078 122°F 224y, RIRUITE], l T 0 U8 Vb B sh il
B KRR AT J 12307247 /K W BE RRATG , i VR i 2B ) RO 7E B U & i/ B R T 20 A A BE
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X (AR KW ) RIS LU X (fRTFR ZS) PR Vb s /b KR ph i 22 B IR R VD S M 1K, MO T U A 58
FRERUELS DA KE BT SR B SR A A, (A IR Sk 0 25 75 R G X o8 7 AR e Ok UK, Al R R v kX
D] s PR A B i X o0 ) e o 45 & S R AT AR I 2 RS
1.3.3 JiRgi

i BRI AT 3l 57 10 40 A, B 45 T X Y Chla PR BFIE Y2 2 L COD,, RS2 DO MR S5 48 A it 1709 %
giit,
1.3.4 JEARRHE(ERY B0 E

FE RGBT a5 5, B0 25% .50% F1175% 3 A1 Chla JFIEFEA) % B . COD,, A1 DO Y& B I RAEAE

1.3.5 ZMURGSERIFIE , hOTFEE 455 KU KSR B FH I RE R 4Efr 2 28 RGUIE B A AR, 3 KL
H KT B SR A B A B AR 9 2 RS
2 HRESW

2.1 BRSHTI G RRIE (A

FEXT Chla FVFHEALY) S BE AT ARG T AG b6, S IR AR I B TS 350 80, ANAG A IEAS 40 A, TR L s 3 e
AR I BUIE UEA T A SR XT B e (AR G IE S A J5 , E AT AR G, R J5 Xt BUAS (W RRAE (LB e 199 n R,
J T A B 0 (L, G e BRUAS A R O RE 1 S e 2 BRUIR S I LS

XA X 1Y) Chla( FARXT RO ) IRIFRPI % B (A SRR AR ) .CODy, JIK)Z DO DU EFREEASE 43
IR G 155 25% 50% F 75% (E-F(E (£ 2—% 5, K 2—K&l5) .

*2 KIIOBERE Chla SRS HHHEE(mg/m’)

Table 2 Characteristic value of surface chlorophyll-a in Yangtze River estuary

i i ﬁfrs s ey Ei o 2, ﬂ(ii;;;

Sea area Whole z; area Jﬁ‘(_/&[z St Whole {ie; area J\E‘(_/&[X Sl Whole sea area Jé(@[z FHligX
FEA T Sample size 452 63 150 335 48 112 493 69 169
SEHI{E Mean 1.10 1.27 1.04 2.02 3.20 1.89 1.30 1.31 1.08
25% 0.77 0.87 0.73 1.16 1.88 1.00 0.88 0.84 0.78
50% 1.20 1.26 1.20 2.00 3.13 1.79 1.42 1.42 1.11
75% 1.69 2.00 1.59 3.49 4.67 3.29 1.95 1.83 1.65
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Fig.2 Frequency distribution map of Chla in Yangtze River estuary

2, B2 KIT AN X AR B B3 2T Chla SR HIZE T 25 AN H 43 a5 I0%E R (1 Chla ¥
BE4324 0. 87 1. 88 mg/m’ 1 0. 84 mg/m* , LG X A9435124 0.73 \1.00 mg/m’ F10. 78mg/m* , NP IX
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Table 3 Characteristic value of surface density of phytoplankton in Yangtze River estuary

s H e
PR s N ume emw NI sk e S0
FEA 405 60 137 306 49 101 482 68 161
P E 24.21 41.84 20.92 32.28 108.02 33.53 20.68 44.85 12.18
25% 7.78 17.44 6.77 8.80 25.96 9.72 5.58 12.10 4.59
50% 23.12 30. 88 16.00 24.59 116.44 24.09 19.19 40.26 13.79
75% 76.96 193.43 43.76 131.79 441.94 105. 80 67.70 218.24 32.32
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Fig.3 Frequency distribution map of phytoplankton density in Yangtze River estuary (a,spring,b summer,c autumn)

H 3 FE 3 ATLUE ) KIT HAMNEE X SR 2 KA ZE 0 th PR ) 4% FE R o A th 4K 25
A3 15X IO B R AR B B A R 17. 44 x10° AN/1.25.96 x10° A/L 1 12. 10 x10° /L, FF1L X A9 4351
H}6.67 x10° 4~/L.9.72 x10° /L Fl4.59 x10° /L, NFANEE X R F | K7L 10 AMIT i X g 2 8 T AL X
MR E , B aom , FRIRZ R,

H 3R 4 FIE 4 aTDUE W KILHAMNEE X AR 2 KEAZFE T COD,, SRS~ 25 4~ 40 AU
XTI COD,, HREE 435124 0. 42 0. 56 mg/L F10.46 mg/L, FHILEE X 43314 0. 51 .,0. 37 mg/L F10. 55 mg/L,
MZENT AR T VL AN X i m , RN S AR e, BRI, B R . IR IX 4y
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Fig.4 Frequency distribution map of permanganate Index in Yangtze River estuary

F4 KIOEERE COD,, MEHSHHMEE(my/L)
Table 4 Characteristic value of surface permanganate Index in Yangtze River estuary
5% e wE
fE3E ; KIrask [IREPY KLk

EaRs K IR IX 3T S X FHLLE X AR TGIX FHLE X
FEA R 495 68 168 416 64 139 520 71 175
SR 1.30 0.63 0.86 1.00 0.95 0.57 1.57 0.71 0.94
25% 0.64 0.42 0.51 0.51 0.56 0.37 0.72 0.46 0.55
50% 1.16 0.53 0.74 0.86 0.84 0.49 1.27 0.65 0.78
75% 1.73 0.74 1.11 1.37 1.27 0.72 1.92 0.90 1.20

%5 ME S T LVE W KITAAMNE X AR B B3 A2 IR 2 i AU80R A ih 26 1 25 A~ E 5%
5T I B VA A SR BE 43 ) A 8. 36 4. 22 mg/L 1 6. 95 mg/L, FHILEE X A 4354 8. 75 .5. 94 mg/L F1 7. 40
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mg/L, N iR R T hs KRR e I DX AR P L DX TR A IX

x5 KIOBBKRERBEAEDHIFEE(mg/L)

Table 5 Characteristic value of bottom dissolved oxygen in Changjiang estuary

EF FE wE
[a221 KT 4 KT 4 KT sh
Lt . G 4 . UK 4 <l LI X
(5321 SR FH i 3 R FHilifE (53 e Sl
FeA & 319 55 148 234 50 117 324 62 154
H(E 8.16 7.56 8.00 5.14 3.77 5.12 6.98 5.88 6.87
25% 7.58 6.79 7.56 4.09 3.03 4.33 6.39 5.05 6.41
50% 8.18 7.74 8.13 5.52 3.71 5.42 7.06 6.19 6.90
75% 8.98 8.36 8.75 6.07 4.22 5.94 7.70 6.95 7.40
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Fig.5 Frequency distribution map of dissolved oxygen in Yangtze River estuary
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MELAFR R, $ BRSE [ EPA BFFE " IR A2 78 R0 i R B A/ N R 40 b 3l A Ol LA < 5 BROIRAS I B 5
W OAME RS AL, RS B SO s 8 AR A it S i o HEAE R ME(E, 7E 8000 7o B S LT, AT LA
S B R AR PR AR 0 A it 2 | 259% o5 (B E3HECH 75% BIRFEIE, T [R)) 7 2 BOIRAS(E, % T SD 5%
DO JHUT 25% 55 (BY Z3H0050CH 25% , T 1)) FRREEAE N S BUIRSHE, 2 IS B e, il LR FH &
HR I A7 5 B AT ZE 50 A 22 AR 25% s RREEAE N 2 BUIRSE , #H0A9, SD B¢ DO WITHR | 25% [ FF
TEMEE SRR, TRV A DARGE s % 2 5l /0 ) 32 BN ZR3E Sl 52 ), 2 BT 50k DL e | A
SCAULR FH 45 1 DX rb i A WD AS7 it ) 4 B 508 R A T R GE 1, BUT 25% BRI AELAE R i 90 1 1l 7 9 Ak T8 i
e )3 A8 i S RS o 5% —50% 152 BORES R (e Bl 25 Rk 6.,
3 iFig
3.1 fEPRAGIESE

FEA VL s 7 SR A 7 A4 f e 5 b, ST DR RN (1) PR e bn A XS B | A2 A AL R R 2 AR
N, (2) ZER LR, 25 RV F B SR AR IR R A2 5 (3 ) TR A i AR R KA 3 R i
P — AR, 57K TR 22 55 BT B e 1 DG R AR R K AR 5 R Ak ) BRAR R N AR 4 Chla 55
(4) Pt b N A R B WD v R T A1) I, BT s 38 bR E AN SR M | TR 25 A % e ARt
B IR A A B AU AR T X YT T I e o IR A A BN O TR R, PRI A AR IR B L i AR
B EEE BT E YR AER TR 1) EPA 23S PEET (1) 46 ASM A 42 MR T Chla 7 h—
ANFEAR BT 90% LI b, AT UL Chila 75 R 3590 B8 br e [ b J2sam FH 0, ELAGHIN 7 ik AR X 7 06 [ 5, 4
W FEWIIA K DL BT 1 A A5 X 3 2 8 R S e p e R b BB BEF T Chla X — 3845, RIIL , EAS M 88
Chla A 5 8 IR A0 W A 5 (1) D58 A, BT A KT 52 K AR SR R0 1 52 T 765 57 ol 80 o 3ok i 2 2
K, 4k S B0 A (DO) He BERRAIR, DR LA i T 1 S — A B AR ST R e T 0 B S K 3 2
S EIEE S I B R X AR PO T 122°407 E,32° N BHiE'Y, B S5 A8 BEA & 5 B A e
IO, DO 2 J AR A AR A — 2 e bn AR &, IS JZ DO AT DL 2 JE A A= 40 1 A B H A 58 5 i, EP A 6 B
7K DO R K T, R JE KRB S5 R DT Y B E A TR e S50 ek i 8 9538 . i H DO
SRR VR AR P A T L BOK A4 e AILASORE 40 1) o3 i DG R B8 00, TR A SOKE IS 2 5 ik A
SRR E TR A N AR 5 Y S — AN R bR

®6 KINBEHEEFRLERMETESRRE

Table 6 Reference condition of eutrophication response indicator in Changjiang estuary

KA AT IR IX FHLTEX
FLAEAS ESSv) Outside Yangtze River Estuary Zhoushan sea
Criteria variables Seasons EJIEINAS ARG E TN 3

Reference condition Variation range Reference condition Variation range

4% % a Chla/(mg/m*) HE 0.87 0.25—1.26 0.73 0.25—1.20

HZ 1.88 0.99—3.13 1.00 0.39—1.79

R 0.84 0.37—1.42 0.78 0.26—1.11
TR A 2 B HE 17.44 0.84—30.88 6.77 1.58—16.00
Phytoplankton density HF 25.96 1.95—116. 44 9.72 1.29—24.09
/(10> 4~/L) hZ 12.10 1.20—40.26 4.59 1.02—13.79

T A HZ 0.42 0.30—0.53 0.51 0.31—0.74

CODy,,/ (mg/L) "Z 0.56 0.32—0.84 0.37 0.08—0. 49

B 0.46 0.16—0. 65 0.55 0.36—0.78

JEEJZ DO/ (mg/L) s 8.36 7.74—9. 46 8.75 8.13—9.52

Bottom dissolved oxygen H 4.22 3.71—5.54 5.94 5.42—6.30

ZE 6.95 6.19—7.84 7.40 6.90—8.32
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T AR %% FE T AR AR AR R Z T HAS [R] ) SR O X5 1 A 48 SRR 25 AR WD 485 SR TR 2 psf 9% 7
AEBCHAE IR AL 7= I — A Bh bR | X 58 35 6 =] 1178 SR h FeifE & — MRAF AN 2, COD,, /KA AT
AL AL LA S A R SR ) T 27 G 185 , N — B TR BE A e e 1 KR 5 ey i) — 4, d2 3R
T K M) B T ) — A AR BR ) AT U AT 113 FR S R 2R B A — Nl B B

g b X PRV O R S TR N AR i SR Chla FURJZE DO 1Rkt b , PRI Y 2 FE F1 COD,,, 1E
MEEBIE bR, LSE BRI O & B SRR R |
3.2 SHAREMIE

AR SCHE AR R G 45 SR S W IR A D s ORI AT e, R R R 26 1988 AE XS SR IR AR a W
WA FEIE R 0.20—2. 80mg/m’ , FHIE 4 0.92 mg/m” |, MifF1LITE X AT S IR 3 DZEITRELE M 0. 84
mg/m’ B E M AR, T AE 1984 4F 8 H XHKIT I Ll VT 0T 17 sk Al - 4 28 a W B R4 W, KT 1
W X SR)Z MR R MR BEEYEEA 1. 0—3. 0mg/m® Z ], UL (EAE A N A 48 2R a VREEN 2.0 mg/
m’® | A SO A VL AME T X 2R R a IS IR 1. 88 mg/m’, Wt LA 3230, 7E 20 40 80 4F
R, R 32 31075 YK AT A, TR E 25 % MR AFE(EAE IR o SRS R GER, A
FEILT] 030 R R A T SR i 8 IR 25 S 4 3R a M JEMEHEAZ (A 0. 9mg/m’ | T HAR AT
OO ZENTIGE , AR SO T T 42 R a S ORI HEESY 1. 02 mg/m’, W35 45 580 3 AL, F VT I
FU AL YAT ISR 5, 3 ] BB 5 K VL s R AL 7= 1 i A K

A Sy o7 A% St () 5 BhAS AR , TR IR 2 BE AT COD,, 7F Hofth =i 5 o8 v A ¥ S, AR SCRE HL e A 0T 113
FEYHAMER R b A B T o MR R AR MER T o Lk JLA 484w Wl 5 vk Loy, 2 3R 1V /K 3R
TR ) 5 B A, BRI LG o] A i) 11 8 3 Ak o AR 8 A B R A

T S EFRATE RS RS i e 22 2 KBt FE 2 MRS WV 20l e iR g | I s 80 L xof
DL SR 5 2T BORZE G, AU FE T 5 A BEB 2 19, 38 FH < S BR o slOU8 I o548 A 431 250 43 A it 2
7 E S RO RO - k2 — , B A s r AR e A e BT B 2R, R EEUR 7 e | i 4
D7 5 A B A PR OLT , A R LB UL B e 0] 1 1S OIRAS . AR, 18 TR AE B 9 B s A iR ge ok, %l
FE B TR 2 ROIRAS T E T TR0 5T, Bl G W B8 i b 2 A 58 36 | 2 OISt S BOR B S0 %
W W2 B2 OIREA i T HAD T AT e AETT, LA Ar 0 S FR ] O B2 4 B R R 4%

X T35 TR SO WA ) 5, A AT DA% 43 A0 R S5 (8 EL A WD 5 %) b Sl A0 R0 s 1) A2 Ak | PR AE 2% B
AR 12 BEOIRAS IR, B 24 2% R Y b il A 2 20 5% R DA K [ AR St BVRRAIE 25 05 1 0 X it . 95 [ EPA 76 i
BRI R R BRI AT T AR X AR IR R T KOS SR AR ol AR S T
VA AT O R N 5, AN A 43 X R Rl 2= ] g hr i 2 BOIRES B 2 A B 3 0 25 5 X fk
LT AR B F ARSI AR AR R Z0 A et U B A R B GSHIRT LA 740 DX 43 HOH ol 3 R ) 4 R it A B
4 ZEig

ARG B E NI, 85 G RIL A SEBRIEN , #6471 & B IR Ae b e W A% 5 1 0 8 | I8 T 3087 L £k o
FIXHAT I B SR M35 X @ AR G T 7 3T 456 D s ORI 8 1 T 5 5 A s v e 1 225 £ 7 s 1
FHAE IR TR XN [FZR5 1 &8 bR 0 2 BUIRES . KV H DM X2 2R a PRUFEY) 2 FE . COD,,,
WA EE 3 DETS RIS 9N 0. 87mg/m? | 17.44x10° 4~/L,0. 42mg/1.,8. 36mg/L; 1. 88mg/m’
25.96%10° ~/L,0.56mg/L,4. 22mg/L;0. 84mg/m’,12. 10x10°> /L,0. 46mg/L,6. 95mg/L; F LIV [X -2 3K
a TR % B COD,, FE A ARk 3 N ZF NS BARE S50 0. 73mg/m’, 6. 77 x10° 4A~/L,
0.513mg/L,8. 75mg/L; 1. 00mg/m*, 9. 72 x 10° /L, 0. 37mg/L, 5. 94mg/L; 0. 78mg/m*, 4. 59 x 10° /L,
0.55mg/L,7.40mg/L,

B AT TR COD,,, (DO SFECHE B Wt VA8 S LT AR AN PR W ol 1 5 g 2 AR AL TR Ui A ) 5 1 %
Chla 4l fr Rk T AR AL, Fp b3,
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