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(RIS e IR AESBEEEALRE IR MG 264006)

HE  RIE 2018455, 8 ARMAENESAEITH, RAEFERS LN FEAKE T HMIFN
MR &7k, a3 ME BEHLE(DIN), 7 M8k B 3 (PO; -P)Fusk B 2 (Si03 -Si) iy - A . 454 R IR
FRAESAT T AT, 4R E R, 2018 44 5. 8 A 5k M7Z 1y DIN K JZ & E % 1.64~106.36 pmol/L, “F
{8 H 24.18 pmol/L,5 A ¥ 8% T 8 A ;PO3 -P 3 £ 36 E 4 0~2.010 umol/L, 34 # 0.182 umol/L,
8 H B & T 5 H; SiOF-Si HE B E % 0.97~78.93 pmol/L, FH{E % 18.30 pmol/L, 8 F ¥ &
& T 5 A, DIN, POy -P. N/P & X & ZALF 36 N & T 3 09 /& 7 0 0007 0 [ 209 55 Si03 -Si.
SUN. SI/P X £ EM TR, Ao MEFER, AEFREEWWOIENA, ENEHFEN
0B IR FI AR AR R IR ], RN ERME B RN EERIE, ERLLEMRATFHoA RN,
HEEFMN-BRFHERXMEFRE- AT ARAER ZIAFH, EFEMN-BRFERXMRE = H %5

— R RH, *IRTE AR — R
KA

hESHEE S949 TEHIRIRFE A

TR K HP R IR R U VR VR A A A K B BT
TISY, BRI | WA MR &5 1Y)
G AR, SR R AR AR R B AR RS IR RN, R
M 4 A VgV A ) 9T R (1 55 Kl 4§, 2012; Ning et al,
2010; FMFFEEE, 2008; Tang et al, 2003),

B B v a2 [ 7 Y T s M 1B 7 N i
TR T NI L TR AR 2 AR T A () B
&22003; X LEELE 2011), AR N HAR R E
BIRY, REMKESIYRME. =, MR,
R ET T R —CREPAESE, 2001, S AesE,
2017; Jin et al, 2013; SKERIESE, 2015), L4k, JoHl
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Tk HH IREURAT
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Z(DIN)TE Yt S SR Eh 45 0 S Al O Bl ok S M VS IR B 1Y
S IRl R (R RS 4E, 2017; SKRERIESE, 2015), (HXTT
T8 T3 M SR AR P SR D, IR, SR 3N
T8 E IR ER SE R RRIE B BR R B0 43 A DX 3, X T A Sl
ERHAESRE LA EENE T B L (X & 9 5,
2017),

ARWFFEHTF 2018 4F 5. 8 A ERMIE YA SR
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2018 4F 5. 8 H7ESEM I (37.2°~37.8°N,

119.0°~120.2°E)if 47 2 MLk A AE S A, oA i
A 107 ~(E 1),
1.2 AEMESHWHIE

FF fit SR S RETRR VR W AR Y (GB 17378-2007) F1iA¢
HEVH A MLYE(GB 12763-2007)3E47 o FE & 20 B 4 BRI 1
W4 AR BAR(GB/T 147-2013)i 547 . /0 Hr 50 H 455
Z(NH,-N) | TP ASERER A (NO,-N) | AR ER Z(NO3-N) |
T PEERR 1R (POL -P) AL R £ (S103 -Si), ¥R 3
AT, Ho, DIN=NO3-N+NO3-N+NH,-N, %1
P55 35 2R 1 26 2K BRI .
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Fig. 1 Location of sampling stations in Laizhou Bay

KR SPSS 19.0 B4 40 #7

A5 ] Nelson Z5(1990)HE Hi 1) 8 55 15 4 %f
FRL SR 0] | Justic 45 (1995) 4 M 1% A X IR i 32 0] A0
FTLRAF(1998)F2 H T 7 W B R AEM B GR 1)
X VS B SR T PR o

*1 BEUEEEFNLITENIRE
Tab.1 Potential eutrophication assessment standards
271 BHRH TAHLA T PEREIR £h R/
Grade Nutrient level DIN/(umol-L™") PO ™-P/(umol-L™")  N/P
I $eH 3% Poor nutrient <14.28 <0.97 8~30
Il i E 3 Medium nutrient 14.28~21.41 0.97~1.45 8~30
I & B 9% Rich nutrient >21.41 >1.45 8~30
Ve  BEBRH# 5 S JE Medium nutrient with phosphorous limiting 14.28~21.41 / >30
s L A2 [E 4| ok 2 e 2
Ve o BEPERBBEERER N L4t / om0
Potential eutrophication with medium phosphorous limiting
VI ;i 1[5 B
PooOBRRURIIR R RS L >21.41 / >60
Potential eutrophication with phosphorous limiting
Vy AR 7 3% Medium nutrient with nitrogen limiting / 0.97~1.45 <
Vo R BB 5 / 14s g
Potential eutrophication with medium nitrogen limiting '
VIn AR HEAE M & 8 5% Potential eutrophication with nitrogen limiting / >1.45 <4

2 FR

21 EFRBTFESHEFE

211 DIN#-F@maA4F4E 5 H, DIN EKEEREA
7.52~106.36 pmol/L, “F-F4{H 4(29.33+17.95) pmol/L,
FEA 5LV R T RV R L AR LR A Y A A R
fE, R X A /N AT BT sk; 8 A, DIN
WeEVL I 1.64~88.98 pmol/L, EXI{E H(19.02+
22.54) ymol/L, 8 HEHRALT 5 H, HARIPTH T
FRMEE . AR A RRIE . 2 S X AT

N 1 SCEOT B, Ve T 42.9 pmol/L,
32 N AR I B S V5 0 U 5% ) (5 & 4, 2017), DIN
ik P ARG (E 2).

212 POI-PWF@miyAEIE  5H, POI-PK
J# 47 0~0.545 pmol/L , F-J4{f >4 (0.148+0.129) umol/L,
WFITHEIL POL -P W B MR AR, JCIA W i e X
8 H, PO} -P kEEVLIHE A 0~2.010 pmol/L, “FHI{EH K
(0.216+0.319) pmol/L, & P g HRT 2 Wi . 2 301
SRR A AT REAE, SE7KIW POL -P 2307 i i A B84 fin W]
8, AE/NET E B BT 1 AR EIX (A 3).
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Fig.2 Horizontal distribution of inorganic nitrogen in Laizhou Bay, 2018 (umol-L™")
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Fig.3 Horizontal distribution of phosphorus in Laizhou Bay, 2018 (umol-L™)

213 SiO3-Si#y-F@mayAaiE 5, Si0F-Si kETE
Fil 4 0.97~33.89 pumol/L, “F-#4J{E 41(10.64+10.21) pmol/L,
TOI S (EIX, FEARARES, REdPHA s, HAtbiiade
IRAIREAE; 8 H, SiO3 -Si WL 1.71~78.93 pmol/L,
SEHI(E M(25.95+20.48) umol/L., 8 A& T 5 A, 3
PN oY N o I 873 (0B R 1 = R [ A S
T T SNSRI, 48 5 A A W i (& 4),
22 EFBEMTES MM

221 N/P 18T & 5 H 454 55, N/P {H{GH N
38~2446, V-HIMH N 355411, i S0 A HEA 52 B e
RO, A XK T AR e ] O 8 A,
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2.2.2  Si/N 4T & o A 4F 42 5 H, Si/N {HEH N
0.02~2.71, SE-HIE K 0.573+0.716, F-i 404 5 SiOF-Si
Oy ARFEARARL , AR S ARV R R L LA e A A1
FIRFAE , (A X R T T i 8 A,
Si/N H{E A 0.09~31.3, FHIE N 4.02+6.55, V1A
O3S B R R . LA IR R RRAE R A
X B TR, A5 A A B (E 6).
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Fig.4 Horizontal distribution of silicate in Laizhou Bay, 2018 (umol-L™")
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Fig.5 Horizontal distribution of N/P in Laizhou Bay, 2018
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Fig.6 Horizontal distribution of Si/N in Laizhou Bay, 2018
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Fig.7 Horizontal distribution of Si/P in Laizhou Bay, 2018

TRV IR B AIARE, B X AL T 3RS IS SR el 5
8 H, Si/PHTEME AN 7.43~2259, F-H{H K 3394498,
8 H>-msrAis 5 AL, EEX EEAT3EMEE
wRiEEEL, HEET S HE 7).

23 EBEFHEHRIREESE

231 FHFRA A MR 5 357 8 A 4 3oF FR il
N (Nelson et al, 1990), VRUFHEY LK T DIN
FfIREIE 9 1 pmol/L, PO; -P Fe AR 0.1 pmol/L,
Si03 -Si T AR FIE N 2 pmol/L . K Fh 3 Rh s 35k
WS T ReARBIE , WISR B S IR L BRI HE = )
14 B A1 R T

ME 2 T IEH, 5 A, 3N DIN ¥& Tk

B ;A S1 A POL -P AR T BIME, A7 b 47.66%:;
A 36 i SiOF -Si R TR, ikt h 33.64%; #
22 Nuhfi PO; -P. SiO3 -Si [AIAHIE T HIE, itk h
20.56%; TE 65 ufifid, A 1 WEFRIRILTEIE,
g N 60.75%. 8 A, €IS DIN 25 FHefik B ;
A 42 b PO -P AR TRIME, HEm 39.25%; 14
S0 SiOF -Si KT HIfH, Mkl 0.93% (A 8).

HAE 5 R ARG R U (Justic et al, 1995),
24 N/P<I0(RTFHtL, TR). Si/N>1 i, DIN HFR
5 24 Si/P>22 . N/P>22 B, PO3-P JRE il A+
24 Si/P<10. Si/N<I i}, SiO3 -Si MFRHIKH T

MWE3IALIEH, 5 A, 14 Dufififl Sios-Si 52
PR, HHoh 13.08%; 20 Auifi GRE, HHN
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18.69%; 73 Nulifii POG -P SZBRl, 5l 68.22%.,
8 H, 1/4ulifi DIN &ZFRHl, &~ 0.93%; 2 Puk
¥ Si03 -Si SZ BRI, A7 kbR 1.87%; 15 A~uh A7 TG FR il
BN 14.02%; 89 A ulifii PO -P ZFRH, Ll
83.18%.,
W 2R T 55 (200 1) X8 57 8 B il 9 40 0B 7 %

B I AR A A BRI A B SRR T R, 20 [R] B
B 268 5% S A Y2k D) RRE %o BRI T, A B A R VR AT

ARG E SR ITR,

MFE 4T IESL, 55, 11 Dulifi Si03-Si Z R
i, AR 10.28%, 32 HE 004 7R3N 5 2R R A v A
AN AT 1 AR 5 55 A3l 67 TCRR Y, o5 R 51.40%,
T AT R 41 A PO -P AZRRA,
Fehy 38.32%, SrARTEScHIE rhERiEE, 8 A, 1 ulifi
SiO3-Si Z BRI, HiHbH 0.93%; 64 4wk TLkRH,
Hi N 59.81%, FEBE5A0 TE M VA 7 R L rh R v dul s

£ 2 3EME DIN, POT-P# SiOF-Si SRIRBIE L&
Tab.2 Comparison between the DIN, PO; -P, SiO?"-Si and the minimum threshold in Laizhou Bay
B ) P 7 1 {E AL L 5H 8 H
Limiting factors Threshold value/(pmol-L™") Comparison May August
JTHLA DIN 1.0 B AKAE Minimum/(umol-L™") 7.520 1.640
G B 4 0 0
Number of stations below threshold value /ind.
T B 2 o 4 0 .
Proportion of stations below threshold/%
HERE R, POL-P 0.1 B AKAE Minimum/(umol-L™") A K H
Not deteced Not deteced
T B 4 . i
Number of stations below threshold value/ind.
1&%?@{%{@5@5 te 47.660 39.250
Proportion of stations below threshold/%
ML Si03-Si 2.0 B AKAH Minimum/(umol-L ™) 0.968 1.710
G B L (4 3 X
Number of stations below threshold value/ind.
1&%?@{&@5@5 te 33.640 0.930
Proportion of stations below threshold/%
x 3 FMTHEISBREENE TR
Tab.3  Nutritional status of relative restriction rule in Laizhou Bay
5 H May 8 H August
BRI T b i b i
Limiting factors Number of stations Proportion Number of stations Proportion
/ind. 1% /ind. 1%
JekR#] Unlimited 20 18.69 15 14.02
PO; -P FR#I PO -P limiting 73 68.22 89 83.18
DIN [ DIN limiting 0 0 0.93
Si037-Si %I Si03™-Si limiting 14 13.08 2 1.87
x4 EMNTEFRRKR
Tab.4  Nutritional status in Laizhou Bay
5 A May 8 1 August
B il P IR di bt i oK di e
Limiting factors Number of stations Proportion Number of stations Proportion
/ind. 1% /ind. /%
ToRR il Unlimited 55 51.40 64 59.81
PO; -P R PO; -P limiting 41 38.32 42 39.25
DIN fR#| DIN limiting 0 0 0 0
Si03-Si fR7#H Si03-Si limiting 11 10.28 0.93
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Fig.8 Characteristics of nutrient limitation in Laizhou Bay

*: MR A: POT-PBR; e

Si0}-Si BR#

% : Unlimited; A:PO3-P limiting; e: Si03™-Si limiting

42 A7 POG -P Z BRI, A 39.25%, 43 fESE
PN SRS OV Sk A AR AL IR, 5, SIS B FR L IR
R R i R SRR E ;8 H, BRI T AR .
232 HAEMREERNIFN TR LR A bis
M EFRATEMER L 5. WNE 5 AR, 5
A, 1A TR, Hk 10.28%, FE/ A FES
VB AR AT 74 Db BEBR e = B SR,
FE 69.16%, FZEAARAESINE rhs . PO, 22
AV BERR G E TR, HR 20.56%, S AR TESEM
TEREBIFIR 8 H , 40 DUl JERR], & Hh 37.38%,
FEARAERINE IR . T 23 DI RUE SR,
HiHR 21.50%, 3220 A0 76 S M TS 7R e 50 2 vh 6 it
B 1AL EETR, SN 0.93%; 21 Ui fr R
TS, SN 19.63%, FEAEEME F
R AR AR s 1 A o B S IR VTR E S
F5, N 0.93%; 21 A3 i BR i T e M

A 19.63%, 253 A FE M I VY R HE k(AT 9)

N
38.0°
37.5°
37.0°7 ‘ . Laomi River ) Jiaolai River | .
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&l 9

R5 FMEBAEMEEFRURR

Tab.5 Potential eutrophication in Laizhou Bay

R 5 H May 8 H August
DK TA S i bt AL i kb
Number of Proportion Number of Proportion
stations /ind. 1% stations/ind. 1%
U?lﬁh[;iﬁid 11 10.28 40 37.38
I 0 0 23 21.50
Il 0 0 0 0
I 0 0 1 0.93
Ve 74 69.16 21 19.63
Ve 0 0 1 0.93
VIp 22 20.56 21 19.63
Vy 0 0 0 0
Vx 0 0 0 0
VI 0 0 0 0
N 8 H August
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Fig.9 Characteristics of nutrient limitation by potential eutrophication
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%6 M B B RESE: 2018 42 A 223 M S 5 35 5L 45 4 K FR ) 45 AF 21
. YR VE LR B R 4t a (Chl-a)5 8 e A6
3 itig PEOMHT, 455, 5 A, 5 DIN, PO; -P 21k

T R IR I, SR 1 A A 2 0k Ak )
BRI AR K BT RO RE R ), EL N/P (A s . BF9R &R,
M 20 20 80 AEARTT4fi , S T R 38 N/P (B 75 T 5
B IR 4 AR P B T L A A B PR (X T JRE 4,
2016), =% 5 PR i S 2 PR 0K 1) 5 5 S0 TR HE
B KR AR (L AR R BE O Ry, 2000), HKEE
JEAE Al Hb R A, S S0 R U A 8 1
(FBEMEE, 2008), N/PHE EHBATHES, 8 H,
ARG IR A AR, H T E KR KO B
SEFWALY A KRS . 8 A SEM B PRI %
1.14x10° cells/m®, &5 A 15 fi5. FIAEYNRA S
KEHFE DIN, $20 DIN ¥4 5 A R & ; [},
T U AL 40 R0 1) Ak JR A 0L A0 3 1] 5 4 4 P 46 5 | A s 20
TR Y R B0, WA 2 BB (2 &
450 2007; FEFEEZE, 2006; Yuh et al, 2004; 2SN %5,
2018), X AT B2k B 2 N/P (H F R 2R A

WF5E K B, SIS S AG A A RE R . SEMMVE AR
B A B 2 A Siof-si IR T EE, H
Si/P<10. Si/N<1, 754 rkFRHIFEAE, SXASF]F i
AR, Iz B K B 258, S5 &R, X
JEZ X I BB AR R RN 2 — (A, 2018),
X A 2 SN VS R R AR AR 3k B — 5 PR KU 32 27K
Wik PR A Si03-Si A FERYFE M, 8 A GEBRHIE 2] T
AR B 8 Ak, Lk i VR A e 4 i i M TS Tk PR )
BHEK,

i A (P<0.01), 5 SiO3-Si & i 2 IF A%
(P<0.05); 7 8 A, hF 5 DIN, PO; -P #il SiO3 -Si
PR B I DE(P<0.01), 5 5 AR, HIERE
TG o % BHRT I i VA AT S VS 7 R VR R R i
K, HAEFAMSCHII G, X 5/NEwR T, & m s
T 1 X0 TR VR B R A — B3R 6).

Chl-a 7t 5 H 5 Si/P i 2 3 1EAH X (P<0.01),
W PO -P Al SiO3-Si & 5 WA= 1) F 2R
#HF; Chl-a7t 8 J1'5 DIN, PO -P AL B IF
FHI(P<0.01)(F 6).8 H , 7E3 ML rh L #F TR 8L , DIN
PO; -P SRR, A 23 DUl EHE IR,
BRI BRI 8 H AN G 7= F1 i EZL R

SNV PN U K SR X 43 BN V5 AR e R SR —
PRI~ 1 SR 50 DX PG B R AR - SRR X, &
75, SRIN—FH I I3 A X35 I h 4 A8 B A Sy i B i Ak
FRAEIERAE , B o] & e aR i, Xz s ol 3 hi—
SE RS o FR I~ 1 3 B X 3 AR Sy T B i) i e IS o
FRAIE 5 2R3 75 DT 37 50 DX A Ay TG PR i) i ol RIS o AR A
RO RERR BRI . H 2, SN FRIm IR X SRR
GE R FEAS Ry T R 5T 8 TR IR A 7 T
Z ) —E BRI, X K IR M B —E R 43
TE—J P F3 58 DX AR W BRI 5 25— b IR 78 IX B AR
R TCRR I S BRI RAE, B R AREERS, S5k
REREIR (LR A AR IEET, 2019), Xz FE5H
b 38 B — 7 R o

*6 EFRLEHEF Chl-atBXMEST

Tab.6 Pearson correlation coefficient between nutrients with salinity and Chl-a

i H i 1] THLA T PR Eh fERR L AW Tik/A T/
Items Time DIN PO; -P Si03 -Si N/P Si/N Si/P
ENES 5 4 May -0.339" ~0.595™ 0.219" 0.035 0.255" 0.190"
Salinity 8 f August ~0.690"" -0.545"" -0.262"" -0.201" 0.115 0.074
Mg a 5 H May 0.079 0.011 -0.073 0.144 ~0.157 0.291"
Chl-a 8 H August 0.456"" 0.495™ 0.100 0.143 -0.153 -0.154

e TR P<0.01, “ER P<0.05
Note: **indicates P<0.01, *indicates P<0.05

4 458

2018 -4 . H 3N DIN By B AR k75 Fl hy
1.64~106.36 umol/L, “F-F#J{EH N 24.18 umol/L, 5 H
BT 8 H POy -PYREASLLEI N 0~2.010 pmol/L,
SR 0.182 pumol/L, 8 AT 5 A, SiO3 -Si

e B 75 AL Bl N 0.97~78.93 pmol/L, “F 4 {H K
18.30 umol/L, 8 AW ®E T 5 H.

2018 4F3E M N/P (HETEE N 9~2 446, FH(H
261, 5 AHEET 8 A; SUN HIFERAN 0.02~
31.3, V¥ N 230, 8 AMEET 5 A; Si/P {HIK
AL 4.09~2259, FH(E N 227, 8 A B & T
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Characteristics of Nutrient Structures and Limitations
in Laizhou Bay in the Spring and Summer of 2018

YOU Liping®, ZHAO Yuting", SUN Shan”, SU Bo, MA Yuanqing,
WANG Liming, QI Yanmin, LI Jiahui, DONG Xiaoxiao

(Shandong Marine Resource and Environment Research Institute,
Shandong Key Lab of Marine Ecological Restoration, Yantai Shandong 264006, China)

Abstract Based on field data of nutrients observed in Laizhou Bay during May and August 2018,
using the methods of nutrient restriction and potential eutrophication assessment standards, the
distribution characteristics of nitrogen, phosphorus, and silicate in the Laizhou Bay were analyzed and
discussed. The results showed that the concentrations of DIN ranged from 1.64 umol/L to 106.36 umol/L
with an average content of 24.18 umol/L and were significantly higher in May. The concentrations of
PO; -P ranged from “not detected” to 2.010 pmol/L with an average content of 0.182 pmol/L, and were
significantly higher in August. The concentrations of SiO3 -Si ranged from 0.97 pmol/L to 78.93 pmol/L
with an average content of 18.30 umol/L and were also significantly higher in August. The areas with
higher values for DIN, PO} -P, and N/P ratio were mainly located within the sea area near the Xiaoging
River and Yellow River estuaries in the west of Laizhou Bay. The areas with higher values for SiO3 -Si.
Si/N ratio, and Si/P ratio were mainly located at the bottom of Laizhou Bay and near the coast of
Longkou-Laizhou. The nutrient structure analysis indicated that availability of PO3 -P was limited in May
and August while that of SiO3 -Si was limited in May. The spatial distribution of nutrients in the Laizhou
Bay was mainly influenced by the terrestrial inputs, especially during periods of high water levels. This
observation aligns with the higher nutrient content of the Xiaoqing River and Yellow River estuaries.
Si03 -Si and PO} -P were the main limiting factors of primary productivity in May, while DIN and PO; -P
were the main limiting factors of primary productivity in August. The horizontal distribution of nutrient
structure restriction indicated that it was easy to cause red tide in Laizhou-Zhaoyuan culture area in spring
and Dongying-Weifang culture area in summer. The limited primary productivity in the Laizhou-Zhaoyuan
area during summer could substantially influence the aquaculture in this area.

Key words Laizhou Bay; Inorganic nitrogen; Phosphorus; Silicate; Characteristics of nutrient
structures; Limitation
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