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Methods for developing nutrient criteria in estuarine waters
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Abstract; Nutrient criteria in estuarine waters are essential to water environment monitoring, assessment and management.
However, its development is in a preliminary stage. With regard to the correlative scientific problem and approaches,
specific researches are still limited. As viewed from criteria judgment, right nuirient control and estuarine ecosystem
responses to nutrient, scientific basis for criteria development was analyzed. It is presented that reference condition can help
to identify the state of criteria. Nitrogen, phosphorus, silicon and iron impose obvious limitation on phytoplankton growth,
and they should be included in the control. Complex physical characteristics of estuaries result in different nutrient
susceptibility, and geographical classification can contribute much to the practice. Resting on the above analysis and abroad
experiences , methods for developing nutrient criteria in estuarine waters were put forward. Building up Regional Technical
Assistance Group ( RTAG), background investigation, estuary classification and partition, variables selection, data
collection and in-situ observation, reference condition determination and criteria recommendation, and criteria evaluation
and modification are the six main steps. Considered as the most vital one, estuary classification and partition as well as
reference condition determination were particularly addressed. Several ways are available to achieve them while detailed

selection and proper modulation should be applied to the process. In view of Chinese situation, establishing national
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estuarine database, developing national nutrient criteria manual, and setting up ecosystem-health-based estuarine nutrient

criteria and standard system are highly suggested.

Key Words: estuary; nuirient; criteria; methods

T ORI SRR X, RS HEAE RN ED I, SHAESREMEL, WOATSRER
TR B FAHELE T2 WK BRI S F Iy wkh £ E 3 1 VR R B , i ) SRZE M 3EIE, Bk AR 7E iR
& O LS R YT R E AR Y AN OASRSET, A S ERYE RS TR E KK
Al A Y — BB R T E WA R RGN Y RIEF RS, AT, HEEALHESH
K&, NGRIHH R R ER B ERYE, B TR O AR RAETE, 0 0 XEEEERULRERREZ
R,

0 X B F YU ( nutrient criteria in estuarine waters) B] 5E 3R EH E 35 RESEOHT O KA AR
BBA E R BRI B (AN Bk E™ o FvER 1 E FISTE R A I By 1k B R AL T 4R h iy —Fh
BEFE,EFER O ERY SN CHEFEE, 490 0O A S RE RO EM, EILT4EX, RS
TIEZN OXEFYRBH 6 BURFENREFNRR EFRBESHNARETEARET XED
KT ONTREERLN AT R A T EEEA . SR, AT ORI IR PR FT AR AR, IS SRR R vt
HY £ BE A BT A SR BB BRI R R, 4R I A RCRAE T AT B, W, AR AW R EMREM R BRAAE, [
B, 2R T TH AR B 2T OB E SRS i XA B AR RE 2 R AR EAL (CERBEH) 1
HRFBRMFBRER, IMEGER YRR EEEB R,

MR SE 77 B v R BERORE , TR 1 LA T3 8 PR S K AR BB e W B v ol 3R S T oMK
AR EERHIE , BRI THRERN B . EEBIE 1976 FREA T HE—HEFOKRERED, 2 1998 4 E
(RIEFYEEHERRIE) ", Z 2000 4555 753 51 %A W 5K BE 03 0 R R K IR 84 8 57
YRR AR TSRS , BIEE L M 34 AN &30 8 KIS E SR D, BRI T 2002 4R HIE T (KAEZRTE S
LHEER ) Hr st Xt AR R R KRS RS RIS Y TS BT E, R, HEBEHKES
R AERE T EYEN, SFRMNEFYIERIAE , RGNS B EFWE M

ASCR NEEVETE A IR, 458 BNAMI R A E , i 1 & 5 Y B € PSR, R 0 X
BERYEERET I, I REF R TIER B #E
1 AOREFUEASEHRIZER]

I 0 X EFF YRR B AW ZE ST BB TR Y I O AR 28 RGE X 8 77 4 0 el AR ik 2 1l 8 BV
SRR AR R = B, LU A& E R Z 2T .

1.1 FRERZEHT

T 0 E FR YRR E 5 BURFS (Reference condition ) BE& 5| ALK B & T WF A REL T B & 72 R&
AR REERSHREE, 2RREZBEKEBA FHEH—FEIIRE, TR XIS E N Z L&
LAY s S/ MO B AR TR Ry 2 UK, DA 8tk X IR P9 oK R 28 B S ok 32 T B 7R3
ZHRREINTEERM FHRAFROALERRESZH, HE5EENBEEESGIA yEEEEES NG
HEE Y (1)

W B SRR R E R, B 5 € D A S RORS Bl . EEIMR R R T 452 R
FE I AR RN S IR 4 (Minimally impacted reference sites) ” AR €S BORE. LB, & XK £
B BRI R EFES R ASFRBHNA—, 2 RREHHEFEMENA TIAR. SRREERS—BRAREN

@ http://www. epa. gov/waterscience/ criteria/ history. htm
© http://www. epa. gov/waterscience/ criteria/ nutrient/ guidance/index. html
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B AN SRR , (LR SRR — T BB | -
R, 8 5 BURTS IR , SRvF AR 18 B SE 85008 i B WHEFRE Hypereutrophy
K& FHAWXHBTE L EBIE, R A K
1.2 EELHENEEYR Area of increasing eutrophication

B 1926 4 Harvey K BL¥G/KH N P ok 16:1 LU
R, ENAMTI6 T 12 R HEE FR 0 W A4 K i PR il 7
FA'™, 1958 4F Redfield H{E (VRIS C:N:P =
106:16:1) B3 H AR KT T Z SR B, Jithas ARTFREPIRES Pristine condition
20 22 70 SRR, KA E IR R ERRHEN °
ERNEPSEETRAFRAL Y, REGEER I
PSS KL O EFRERBHIFE LB T —RFIE  Fig 1 The concept map of the reference condition and the nutrient
PO N ERBIERE, B YR EETENE  criteria
PI N.P.Si %&ﬁ%,%ﬁﬁfn%b) Fe %&gg&g’ %3‘?%’:\. RCV. HAEESETEE Range of potential criterion value
YRR VE FIR BRI -+ 43 BA B i st 22 B A 2o 4k,
N.P.Si.Fe SFER 7] BE7EA [ A FARE BV R HE 7 Hb NP BB EERLWEZEFRY;S 7
RBTE N PR MR AR T, R AEBRI A K s Fe ZUDFEIRRBIE Y, G IR BI/E A 8, B8R
BT N BHER

SINTEFREL R R VR, 78 R T [0 280 R 3 X IR 40 o B s ol R R v I [, {5 W ok R e 3o 44 3E
e, RN EFRYREERNESE D, BABENRATERRBERKNER, B R FiFEDMEEK, 5
FRRAET NEERK , ERBFESREET K. WEBRAE, WSS AE T ) —RERE R EBRHE
RSB TM  HK, X T RIS E SR i R, 3 IR R ST B s — SR IBUR T4 N.P.Si Fe A%
B TEE X B O B, SR — T EA il E A2 AEN

MAh R T E MR R, HERENRERETAMUR T EFRY R, #RREEREE, #it b
AFER TR OB ERLREMS RN TAZE, fln, EYF 28 (ISR o) FIRERHMEZ & (2058
THERERYRESE) . —BORUL,S5 MER NEENERTE, AR (TN) . BB (TP) . HEXK a
(Chla) ;B BE(SD) BRBEKM B EMR A, Hod, IN.TP REFRYEG, R FTERATE; BAEYE (W
Chla, KREIFER T .SD BAYIFIEIS, WREIGWMNE & , DA TRAET X EFR RN N . FEFFEMR
A BRER R X, W AR SN B R DUKAEY RS04 (Fe . Si SFE VRN AT AR 4E XIRE R B OU BN A
1.3 AOASREXTEFR YR DARFE

1R4% Cloemn $2 i K955 — U O ¥ B BB AT S PR IR Y A Mt A i ) M B SR
HESWAESRENMMRR. BERVEENRARGHES, BATNRFEYAK, #MTEESRE
BB RN . X TR EY A O A YERINS , BRERZERRMA N E M, [EXFE w8
ZR R IRFIAY, W OYEREE S T SRS AL R TOURVEE B ESFE T ERAE YRS, WO
HIFE oK R IR B KRR IR A SRR, RIS YA JEI AR ok AN b 3R
W, FRCHREREERAT S REWMNZ B ERXRBAEAFENE, E—XRMAR—E =B HE
— 5, T, O AR S REXTEFR YN ALR EA . MR R B3, &N O YRR — R
¥, IR RORAE , RGEXTE FF HU B W AR 22 7 UK

B YU H: (nutrient susceptibility) 57K A% & 57 97 T PR 22 (L iy oA T 2RI DB R
YRR AT, EFR YRS SRR, BN T XERGERA RGP E 1, & T RN
HESR T A B i 2 R BURARE , (B Xt RGN B DAL A R B T 2 e . XM IR
TFHEACAER PRI, FRSE X REEERRRRIEEFR BRI R O X IEBTFE, H

Z R Reference condition

TN, TP, Chla }& &
concentration (ug/L)

RCV
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Br— ey R B5 18, 76 A T B R R AR AR, —E B B T E 2 AL RIS TR R ) , 3
B T BRI E B AT R . IO TE R EAS ATE R B, DX B R v [ R A P ARG R TR
B R  SABAR R LA B R A R B % 2 R 0 B R B K SRS AR R g2 51, IR T , 76 8 S v o
FYZER SR 3 B XIBRRU K AR R, 5 /K PR S LB A g ol D1 /KSR, TR B R R 5, o — RAE S XK
K53, BRARE A XA M 5, 38 SR L AR W K ST K AL SA SR A , 78 B T B A R B R B A 2
Ko WEE HHT#H AN DRAESRBEFE 79 MREAESR Y, IR RIE b B A S X — 545
FELRE, TRET XA ZME, KRBT O AT RGN E FYEURME, X KIS E T 0 3175
K, BT EFYZMER R E T
2 AOEFMEEHERE
2.1 BoRBRER

FOERYHEEREEERS 6 MHE™, 4510 : O4 # KB AR P4 (Regional Technical
Assistance Group , fij#k RTAG) , T F RO, A O _EHRIR T OB RESF; QR O, G X IRE
70 22 LA B O AR 23 IX 5 @b B R VAR B e A s @S I 52 R BUIREAR 22, T BAPSER G . O S
FORES, 1R e F 20 s @ ZEEITAT BRI

W RMEE E SRR RA LR SN EEEIRE — &L, 40 B RTAG € RXHETE/ T, B &
TR REE R L BDIR DL . 75 BRI 338 Ao B Vo0 Ml o7 48 A ok JB8 AV S5 A R DL R B (R AL, K iy RTAG &%
HETE A LRI RRKR, RN EEETERIL RTAG 51T i MR, ZIEENRIENFE i
TFBUGRE LR ROUT . W& EELBRE , MO SRS X BB RREBOIE R, FEAE
BT IERE o
2.2 WOpEkRTK

B TR O X4 A7 BB SRR 2R R i B B, TR, 307 0 232803 X B3 7 D R Bl 4 \ 2R T 31
FPEEEFYITIER . WO KR KA & SR O AESRGENE YR BURE:, RERY TR R0
XHEFRY) TR (BB ) TR LU AR BE R 7 SRAHAE B, 203 D W R K B2 57K 45 B I ) TRT 1 B T AR Y
BERAH L ENRASEA B E YR BR KRR 5, SSER A ATR E H oK
7K S35 B I RIFIEE ) 232

IR RGBT O AT R BRI 0B T, TR SRR T O ) 0 SR g 2 B T5 3 & U0 3
2 R B AR BT R R X TR R RS . R, T YIS R E %, T
R B BHOKIRA RS K S5 B I [a] (CAniok 45 B b IR) ) A2 30 I R BIRF R R . 3[R R
B YRR T 0 8B TR YRR AT AT, 3B R Y U AR R O AT

RAR DRI EARE  BRBERI LA IR E0E S EM ik BAh, RE R BRI EE T
HA 2 T, — R RERHES RRE BRI H K Ok B — MEURE R . —RRHE
BARRNE BRI O RGN E SRR R R L8, R pT IR R E T CEFRY) XHTE RERE
WA AP RA M e, AR AL R R B X — R R T R . BT B AT 2 A T RO O R G R 4>
¥, 5 W2 T R/NGHEE , AR BB, BRIt St Wae B R0 BN 7, JLH S i A Wi B B O
 RAESRIRIEAE 2 R P B SR BOREGR , B BIA T 1 20 80 AT 8 PE 550

FE D1 p 2R LA b, 510 BN D AR 25 R AT, AR 8 SE PR 75 ZORN B SRR , s Bt 1 2 ol 11 pu 3
X, R EZHEBRZ VIR IR KR ERSES. W H 0 RXE—ERE kAN LB i #RER,
2.3 BBRTHE

BEYMOXEFRYSRREZAPHERRR, — B2 T G W EAE 737 (in-situ observation based
approach) , ~REET HIRIIT (watershed-based approach) . XN T RMARB I AEXREBUREE
FHR, RBBEA—F, RIS T EIVENA R (R 1) o BIEERS RS RESRES,
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Table 1 Approaches for establishing nutrient reference condition in estuaries

R 4328 Scenarios WEFF I Methods B {547 Variables
BRI T MR TN TP .Chla ¥& B ; #FA B
J o ) =2, = ’
f = 1. 1 gadm\f %ﬁf‘:ﬂ& Frequency distribution analysis of variables in  Concentrtion of TN, TP,
cenano xoetient condition reference sites Chla; SD

2 R BRI R IR RS 70 M2k

H%2 AR, BEERTF e . ; .
Scenario 2 Some degradation but reference sites exist z;j:::ii::n:s;:ﬁe:}if:;isvmmes m
P A EIRL, GE A BTES iR EEEZRE:; B BUREIRLR & bR
S 03 Significantly degraded including all potential Regression curve analysis; historical and
cenario reference sites present data analysis
THRBFEES RA, RATREESE; TH
) AR ERL, BRI BES R, A RER ST EBRTE
f ® 4, 4 Significantly degraded as Scenario 3, but Reference sites along tributaries and calculate TI\L\ ,1’,1‘;) B 4 Load of TN
conaro insufficient historical data delivery; models required to calculate where all an
tributaries are degraded
BT REANERA TR BER TR LWR2 R, i
edian
W3, Hob R 1 BB AR SR, FIE T 4 A A
. N . Loweriquartile Upperiquartile
PRI, SHRE RIS RN R S b a
MR P E(E2), ZANEEET, i TERAEAE 2
BN EFFYIRE BN, Bk YA BRSNS | \
FHAAL, B IR A SR E AR ET RS | /
WFRAZ RIEEW WS RRE, EERERLPSRRE Y Y Y >
FO(E VT 5 6 B A, B S R R R RS T BB 5% 3 T Chiatmel)
Y5 RIRZS, SDm
W 2 o 2 TR AR T A AR AR W M RS H

SRE, ZIERYENRER/NIT IR AN RS Fg 2 Dervation of the reference condition from frequency
“BRRSHI IR, TENS IR S PR RGN diribution of varisblen
BT, T LABES I B SRS AR R A IR | 25 AN () BRAABIR For reference quality data; (b) 14 318
43 B R ST WO B S AR R A Rt g T 25 e
ANEL S, R RG5O 4 %R
R T SR B ST DA S R AN B R YRS TR, — RS, RN EEEREE
15 A~ BA_EARDT O BOCHR S, 15 AN F B R, 25 1A 1 %8 2 MBI 11, MV AR P P TR B 207
=L AT TS I 0 — R B, o SR 22 B B B S s AR T
T BT O, B T , B4 Ml 2k O3 PR M M 2 TR

B3 o, EEEAMT G R RRIR ISR, EAGES AR KSR, TEL=%%
BT, — RS DR (I8 5 5B 2 R K SCRR) s — AR R ST RAL ST ; = RAS A [ 5 4
Hio BEIBBA RIS A ER AL TR BRSO, W% BB £ BT S5, RS BT 8L
RHSLEGHINT 755 22 7 Sk B BUE 5 P B R R RUAT , R, B B M RS R O D 25 IR B, B , R A
IR E T X TR AN (DA — 2R K ) o 2 5 Sk AL A R AT , 5 0 0 U 3o 2 i 2 R L B2
2 (I 3) o 55 A A B, PR B Ttk A R B O T 3R I i, 775 5 o2 58 B SR B HE AT
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LRETRAl, BRI R (LI 4) o FEIR
TURY) Ak MBGE T 24 sh B/ N TR X,
RHRBE TR G T PR P SR RE DT XHF
BRI O, —BOofEd R IR, A EEAE T %,
PR A B AT I PR o A e 1, B AN B0, (BB
B R B X LA B 4L MU JGE AL IE ) e B R R
ACCRE, B RAB WR, SRS Tok
LB, [T R R TT
ETREMTHBREREERTHR 4, SHMH3
MBERAR,HFR 4 FEHSERSLUER S BAM.
MIEEFRYSREBERE TR, HTEERELE
FER— IR RN KRR, RIS RARNE
EX TS RRT T MR EE, A O i R
FRZ T, MRREEF YA RTEREH B RR
&, ABRAM. HLRFFATR, TR O B
FE— I RBEER 2R /NN T HIRER A X,
0w U s S R K E SR A T IR
HB/NEFFART . )G & KRR LAE R R
BEARMDLYE , FIWTRETS B LA SRS IR TR B A
Fisko WNAANRE, MIAHR M 56 — I8 250 =R MR T
BRAEHER . IS, 38 R R R TSR AR A A4 IR
W RSTURRAERITRE R I E TR SR K AL (40
BAERRETEEE) BRBXERAMHENT L
T FIRT 5 W Z 0 T KT DR mA B2
2.4 HEUEBIMT

Chla (ug/L)
>
e}
@]
TN, TP (mg/L)
SD (m)

2 BUIRZAS Reference condition

1950 1975 2000

B3 EHEZERESRRE
Fig.3 Using the regression curve to establish a reference condition
A. PUKIEHITE 2 Loss of submerged aquatic vegetation; B. Je28FH
#7H Increased unattached algae; C. fi28FET- Fish kill; D. k£

HHEFET- Frequent fish kill

S| s Bk 1
s Historical data Present data
g
=
4
=
\ s RK
D Variable concentration
fc
B4 BEESEEIITERES BRE
Fig. 4 The historical and present data analysis for determining

reference conditions

A. BUREHE T 25 1~ B4 & Lower quartile of present data; B. HF{E
X [6] | 25 4~ 432 Upper quattile of both distribution; C. Jj % 58]
BRBE A X 8] P {E Medians of both distribution; D. 7 52 $(3E

{& Medians of historical data

SRRBHHED BB SRR JEraT|
AFER . Hh, 20 o B % ) B g 24
Y H A R AL B3R T4 E TR ALE A, SR — ER R TRE T B RHNE B, Fersang
i B BBV S TS e R S SRR IE 2 IR R o RIS 14D AR SR B Rk E
FERFOBEEA T AU ER . 22 51 T W TENEREEMER s bR
) e 43 R e T RS AL BRI IS L T , R T RSB0 1o B2, B st 2 IRAHR A
3 BESETOSFWERNEY

RE BRIR RAT BN SR YRER E T/, BRVERNEENELSNE . H— AN OYEZ
A RBEREFRYE Y, EREERENAE R, ATRES O KB5S SEEMEHEKE, 6lin,
20 43k, BE 2 W P B e X\ 6TF 8 16 S B RIS, 170 018 SR vk R T B, S YT 1 /K3, 2004 4R
MEREL RSB N 1963 4Rl 3. 4 51 e BTN A S B 5 1982 44 Har B B ™ , H—, Birisksp
W BB FRYHE A (i F K 58 T B4R i ( GB3838-2002) ) (( ¥ /K 3R 58 i B AR M ( GB3097-1997) ), Bl & &
BT KK JEH5E T BUK A, FIZAR v TR K S I0 B3R O X 1038 P (A M. H=, T8
WX KR VRS EE I KBRS BRI &5, BT MR B — B SR AR R E LS TR T
FIOFREE, UMK B B RS 4R, 7K B 5 v 7 3R E R v A 2R b 475 8 R Bk, A 2 LUK R bR v e 35
R BN TRERERERZBABEE L, B, FEAGERER O X By & gm0
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REFYENAEE b8, AT A TIN5 R I, IREE“ 3 b7 #E s st S 25 6 itk
Ko

®2 ERUEANEPHERHFHRR

Table2 Recommended mathematical model in the nutrient criteria development

Bk EE/ I A R R =RRE i IRIL $RFR BT
Level Model/ method Time scales Spatial dimensions  Hydro dynamics Data requirements Scale of effort
BiR— WKHns: SN —4 T3 hEH B %A
Level 1 Fraction of Freshwater Steady state 1-dimensional(1-D) No hydrodynamics input Minimal Days
HXRBBEER 8BS —4 T3 hEH B %A
Modified Tidal Prism Steady state 1-D No hydrodynamics input Minimal Days
MRIRIE  x — EAHBH 8 A
) ) ! Steady state 1-D No hydrodynamics input Minimal Days
Dispersion equation
e EE L=E —% T3 hEH B %A
2-D Box Model Steady state 1-D No hydrodynamics input Minimal Days
B s w — K HEHHA oy A
Level 2 Steady state 1-D hydrodynamics input Moderate Months
o o K hBEMASKI T
- e _ —
B%= BASHE g —pwm=n s BREXR
WASP5 Quasi-dynamic L. Moderate to
Level 3 . 1-D,2-D or 3-D hydrodynamics input . Months
or dynamic i substantial
or simulated
B HA& —% 7K 3h 737N PN A
Level 4 CE-QUAL-W2 Dynamic 2-D hydrodynamics simulated Substantial Months
J——— #% =4 K F S HARE
Dynamic 3-D hydrodynamics simulated Substantial Months to years
PG 5 = KT BIEHE HARE
Dynamic 3-D hydrodynamics simulated Extreme Months to years

55 YRR E IR R EEE RS, R HAECEDIT -

(1) #E S TR E AT O RS AE ZERE 0040 PR . R 4 W X B B HY S R IRARAE . R R K
SRR A RIRSE £ | F—8 KA RN 0PI E IR B2 R, Bk
T O WK R, M SETL D% E AR . BRGEENE O ENAR, X o3I R RETE X
B O AR A DA B R, B A I S YT O BTSSR AT R R

(2) BroEhl E REW D EFYRESAREE, BEEIER, ZXHITREER O KiEFBRESS X
I, IR 0 D ST SR B A L B B IR AL B 2R H YT O, BRSETT R AT 1B SR B R 4R AR T, LA
Do FER, RIS E BB D E SR YRR E R BRIE R

) BEVETESRGERNYT O ERYEBISERR, WOESREEREN DEFRYERNL
W B, MARIRRE L B TR RRERET O EFRYRAME, Jooh, BERNEIFATE TREEAR S, TR
FRMER N LR, MR ERERYEENREEER, LE, S5 RERTIRER R REE KR, BIRm
DB SRR R L R SR 4 o
4 4Hig

FHRIRAH T M SCHE BB TR Y BRI 1 AR 25 R G X B SR W B Wiy B AR R A S T 1 [XE SR B R
[B1 2 B BE R R 24 R, T 2R B, BEVEAELEG ) T T LA S IROIRZS O 22, N\ P Si Fe S E A K BA B
BIRBIER, SRR ATE I8, Z AR W BRRE (R O B SR BRI BOR B 2 5, 2 A 11 268
BRI AR TRIERTIE . SaENER, IO HE KIEBORPMEL ., IR O 4328 K4y X 5B R
B REEE BB L S RS R B AT AR RRR IE B R 1B SR ) BRI E 1 6
NEELSRE, Kb, MO5K50 X SRS ZEEREHROPER, KON kgL, HF RO
FHESEIF R, SaREEFYEEFIFRIVRAE TR, SN R EAR R T ZE s PRI O ZER50E g
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BT A EFRYRERFEARRETR FRELETESREERIT O ERYEERMERR, AW OE
FYEBERMA R,
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