Journal of Water Resources Research 7K B4, 2019, 8(4), 371-381 Hans XM
Published Online August 2019 in Hans. http://www.hanspub.org/journal/jwrr
https://doi.org/10.12677/jwrr.2019.84043

Distribution Characteristics of Dissolved
Nutrients and Their Environmental Effect
in the Pearl River Estuary

Mingji Ren
Sinohydro Bureau 7 Co., Ltd., Chengdu Sichuan
Email: renmingji20@163.com

Received: Jun. 26", 2019; accepted: Jul. 16", 2019; published: Jul. 26", 2019

Abstract

This study aims to investigate the tidal variations of hydrology and dissolved nutrients, based on exten-
sive field measurements during January 3~10, 2016 in the Humen outlet of the Pearl River estuary, and
to indicate the nutrient dynamics. The concentration of NH4 varied from 0.59~2.06 mg/l1, 1.20~3.54 mg/1
for NO3, 0.14~0.49 mg/1 for NO2, and 0.025~0.063 mg/1 for PO, during the sampling time, which demon-
strates a significant difference in tidal changes. Salinity and suspended sediment fluctuated with tides,
and no big tidal difference was found in water temperature. The role of marine waters on the dilut-
ing-mixing process of nitrogen was stronger than that on phosphorus. Compared with nitrogen, phos-
phorus was scarce in this study, and was a limited factor. The results enable us to develop effective
coastal management and to benefit from more focused studies in the functioning of ecological health.
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Vr&E 5B O O30 ) R EBEE 7R 3 08 FHAR A, HRN BRI DEFRE T BN .. £RER, K.
ANEI LB 3 TR IR AL TE BN 0.59~2.06 mg/1, FNEREL R IR TEEN1.20~3.54 mg/1, TWHHERELEIK
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1. 5|8

TRT 11 DX B 2 i b 5 P RO R S A P AT, SR o E RT JAE I I Y9 1) S s e 18 SR AT X, AL E MR, AR
VI ERAL 2 AR A 1] [2] W0 FKAR & H 8 RS E R IR, 228 AT R g AR 2 AR &
G LRI E R — o RN AR RAR AR R, W Ash g2, HIRERFUKE. 3. 83
S BN ARG R R, ORI 30 SR B B A E IR SR AT AR S FL S ma L R A SR (3] [4]. Vipindas
ZEWEFT T Cochin ] 78 5 2E M ZF 284 R1E[ 5], Mosier Al Francis 347 T San Francisco ¥ L 7K A& H & IR 5528
JS2[6], Liu S5 A 78 130 FNSEE S0 E TR s AR 7],  HELE T 1 BRI s IR 3R L8], A
I, WF SR BV S IR R R A0 KRR R B T B B R AR R S

PRI ORA “=10i0a. \NOANE” WEaREN, KRER. BAays e ) CRa 1 1, &1
U] st BT BEUINT. PRIBEIT. XS TR DHEABRIL DS . AN RN 2R B CRIA A L T
ANHE) ISR E Z T, SFEMOASEREAFEO]. Hr, JEIT O ES 7 A AT R ST A,
S BRI SN i s EAEER, RmERVN, MW £%, SRS IERRER: M. K
SEMM L = KI5 QeI 32 S s 4ol o 1 B IR IR 1 KA S TR I A A, 1 R E TR,
BRI R RS, 2GR AR, T P SR A CUREE[10]. 56T 30 /) 250 E 77 26 1 52 1
CAEBZHIIE[8] [11], TIBRILEI ] 8 77 35 0 73 ARk S FEX 80 i B2 () 73 A o ABIE 98 25 T BRYL R 1130
FIAEZE(2016 4F 1 7 3~10 H)/KSOK 2 ZERIES WM Eedl, K 3257 73 Hr (principal component analysis, PCA)
H1 Pearson AH 5G4 AT T TR 11 U 77 b0 B 1 a5 R (e B2 56 &%, 4o 6 AN B b BT 77 #h AN [R) 52 i L
DRERVTI 75 Gy B e AR A 1 E AR LR 24K H
2. M5
2.1. MREXEHR

BRYLPR T I DR R TR E NG O, SFRFEARERN 6.03 x 10" m®, FbEHR 6.58 x 10°t, Mk
YLK ET TR 8 77 e B A0 1, B Fuk 88\ K A28, 8w AR R G A, @il
R, FEZEN 1.61~1.66 m, FHIERERER 1.3 m/s, EWIRHE 1.4 /s, ZHEFEEEE A RN 2.29 x 10"
m’, I FHARR SRR 3.6 f5[12] [13]. kIR 5RO LSRR 80.5%, LHMBRREDN, WHELR, %
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Figure 1. Sketch map of the Pearl River estuary
and sampling site in the Humen outlet

L BRIOMEREIRERHIR

AKIRPRT] BT, WIARR T 42 km (B BKIIRT, WK DA, HUBHRA, ReREAE,
SRR ZEIG K, AR, KA R RIPE I s 2 i, JRGRTIR ML, SRR, AR R R R

2.2. BEmRERLE

FESRUL PRI 1] I HEAT 25 26 hosg s LI AR i >RAE , WL 18] 9 2016 48 1 H 3~4 H (NEHA 9~10 H (OR#)
KAWL, BRI LR 0.2 H, HARMME KE) . (0.6 H). JEO.8 H)=JZ/KFE. /K
SCELRIR T . E EEAIK RS ] optical backscatter point sensor (OBS-3A)IZMIE . HT& Vb EMAE I=E K
FE, BIgHhuE, JEMS YR B SLIS = At FTA AR 185 AL IR QR IETEY A QR
WAL AT,

2.3. BUIESHT

AN 5T K Pearson AH <43 4T F =E 14343 #T(principal component analysis, PCA)ZE 5y 00F 70 ERVLEE [ 130 1 3
JIR R E RS20 o Pearson AH IS BT F1 32 7 23 AT A FH SPSS B 58
3. &RE5itie
3.1. RIBAAzH#E AT

ZN e ol AT NN PN DAY A SR Sy NS WY N S-S I i S/ TS SN N - e ==t B G L AP T S
AR 2 pros.

3.1.1. FiE

HELALIE], KW IE N 0.49 m/s, /NESEISHEEN 0.21 m/s (SCH SEINEHE H B R s vEm,
FUE R INKEI) o KH TS50 BH 2K T/, s AR AR, KA RN FBRSE, X8 77 35 152 ) bk 2 =%
R 40 T 3ok AL T Y LA 0.06~0.68 m/s, T 1AL Y L A 0.1~0.91 my/s, 75 7 (16 h) K T8k 7 B (10 h)o /)
VBV R S R 0.09~0.39 mys,  FEIVLETE A 0.02~0.41 ny/s,  ELEKWITIN (6 h) B /N T WIS (20 h). 5
KEAELE, TrmE> A EI AR ER, FERIENKKSNZ .. Eanz), fEHIHE0EmeE, &
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Figure 2. Tidal changes of hydrological factors at three layers and vertical-averaged values in the Humen outlet (neap tide: 3~4,

spring tide: 9~10)
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3.1.2. K8
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TR 5 3SR, AU R 9 Ad=,  REEASYE /DS, AR, WS R U P 2 g A 2415, /)N 34 ]
RIZ LML TIR)Z

3.1.3. EhE

K Fl Hansen I Rattray FTHE H 1502 R B M BRVT R 1190 11 3R /KR A B L[ 14] . KW 3 18] 5 90 1 36
FRRIE JZ 31 B V5 20 51N 4.70%0~9.36%0-+ 5.78%0~12.84%0 1 5.92%0~12.95%o, T [71] I 3 i Fifi 7K Y48 KT 386 K,
J&)Z B FE RO, RIZ AT, FREE /N o 2 2 RO A5 0T 50, K 4 12 RECEATE L 0.08~0.35,
BB 0.19, /KA 3 -G B o /NS I I) 58 1 19T V3R ORI 2 0 B Y 1 40 531l 9 2.229%0~4.91%0, 3.25%0~17.31%o0
F1 5.10%0~20.52%0, &5 BEBRE/KERIG RIMIGK, HIEFARMBE R, N7 Z RECEHIEEN 0.19~2.00, HEN
1.34, KEA @S JZE5H .

3.14. FibE

HESEAI Y], PR DR BB YIREE N 0.09~0.76 kg/m®, HEN 0.11~1.44 kg/m®, JEJZ N 0.19~2.49
kg/m’. WYKL FE T, KRR R A BB AR, KRR S RIRIEROR, FERK BN 2 %,
TVb PV, BVPIREE I, . JRZIEIPIREE BRI R, RIZIREEIE AL o Nk i A o 32
F RIS J2 B VDU S L 43 1M 0.08~0.26 kg/m®. 0.05~0.24 kg/m® A1 0.09~0.41 kg/m®, £ FEEREN, KEE
IPIREERCR, A —5, HAIEREBUN, BRI IR EE DU RN 21T R R I .

3.2. EFEARTN

3.2.1. EFENRE

PRI RS ZR R /)N i) 3 18] % T0UES 77 3R vk B2 Bk v Wl i i A S T B a1 3 B KIS, POy« NHyw NO,
H1TNO; #2463 Bl 43531 0.025~0.063 mg/L. 0.67~2.06 mg/L. 0.14~0.30 mg/L 1 1.25~3.54 mg/L, LT
YU FE 73 515 0.046 mg/L 1.41 mg/L. 0.24 mg/L Al 1.82 mg/L. E[H]_F, PO, NH, & 2 FHREHRIMANERE >
2 > JRIE, RIZKEE PO, NH, FIFHIKRENIEIZ I 121%. 130%; NO, T [ A A5t L4215 NO, £ )2
WIEHRAG, RZFHREZH T, RZK 10% A4 .

/INEREATE], PO4~ NHy NO, Il NOs ¥R BE AR A TS L 433 4 0.029~0.062 mg/L 0.59~1.74 mg/L+ 0.26~0.49 mg/L
H11.20~2.42 mg/L, TP 554 0.039 mg/L. 1.00 mg/L. 0.39 mg/L 1 1.85 mg/L. &[] [, PO, NHys
NO, fil NO; & Z PR ERIAERZ > HE > KE, REKMAE POyw NHyw NO, Fl NO; IR B 435l N iR
JEH) 109%. 136%- 126%F1 117%.

Xof B KN A T8 77 R IR E . K8 PO, NH, Al NO; T 25 7 ik B I /K 2 I P Bk B ¥ KT/, R
AP IR BE 73 /N IR 1,24 1,524 1.05 £ NO, HE £ -39 B AN & 7K 2 B~ 2403 B2 U /N BE R, K8 NO,
AR 67%.

3.2.2. EFf#hGA

WV AR N/P IR IR PR R FUE R 12~22, “F34ME N 16, 5 KPR BRI KRB A FH &5
T 3K — LL ARSI BB A A O A2 5@ BV AR AR o BT DR 25 10 U LL B S B VB R (e 1), KR
#;°F3) DIN/DIP i& 177.5 (DIN = NO; + NO, + NH,), /N#lEZL ) DIN/DIP i& 188.6. £ EIR, 1Z/KIEA
BRtha e, Ky EK M AMERSEEEES, Mo HRERSHEE T3z, REBEE
ZOKBOKA S EZ R KR, BBRE, 5O AE[7]. X2 R NEMRSRNEERFENFRBIN,
T A% 0% Tl 8 3k B DT RS 23, WO S 3% B W T FE A9 S B J B A TR [15] 0 JUFLARAE /N I, KAk v BE 2 A (3R
JE 53 A v By J2 ) BELAS R 2 K AR IR (8 772 358 4, (E1RER L TEBRR, F8HER. HEFHE
B R TIRE
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Figure 3. Time series profiles of dissolved nutrients during the spring and neap tide in the Humen outlet
E 3. RiITmOX. NBHEERRNFESHEEZE: X#, A: M)
Table 1. Ratio of DIN and DIP during the field time period in the Humen outlet
1. R OMZFERR MR
giita ®)Z iz &= TP
s/ ME 922 113.0 1384 120.2
PN BRAE 265.6 536.9 272.7 352.7
“PIME 164.4 187.8 180.3 177.5
w/ME 80.5 144.4 84.3 121.1
/N [SON 3224 309.1 286.3 290.5
FEME 199.0 199.2 167.5 188.6
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3.3. A Ozt hEax @ BlE R
3.3.1. Pearson X5 %r

R, 71X PA 2h B ARE FR b PR AN k. 248 - Wih i m, KR 2 EER IR & G808 4k
I3 A e AR R A T VB[ 16],  HARAG I URRE SR TR ) I IRBIPE F o AR AR VAT I X 77 k1 2 RV,
M KNRZ M RERRAEA . 2 RRRRRNT, BRI 2R 2 £ 5 25 (0] 0 A AR 34 R B 10T R A 5% i
e 42 - WA AR EE R B S HRAE: /KB 78S EE R RUE S EA I B e vb 2 B 7R 3h 0 A,
B IR R W B E VRV R I, R IR R I A

PRI LR, /N &I 97 38 5 /K SCEEZR A Y Pearson M5 REUINE 2 FioR. SR SR, /N PO, 5.
KR ERFEAEIDIRFE I G AN B3, 1K PO, S B AHOG: /NI NO; LK NO, 345 Bk
BRENA, YRR L, LE R IR MHER N, Bk S, WM E RS, SEUKAS
R EFRERIREE TR KW NO, 5RIDIREE R IEADE, BB X NO; LA MHEH ¥, Bibik s
K, R NO; %, NO;WREEHRF: K. /M#IEUE R E(NHy. NO,. NO; Al DINYYY L #EFE B A, X2
e BEARE IR ER I AN K DS B A MREAE A, SRR KR G 8 K s 2k B b s i 9% 3R IR B R %

Table 2. Pearson correlations between hydrological factors and nutrients

F 2. RITAOKXERSEMEFBNELXR

ik BRI #HhE I Z KR
NH4 —0.055 0.029 —-0.206 0.28 —-0.171
NO; —0.538* —0.284 —0.402* —0.305%* —0.369%*
AN NO; —0.289 —0.505%* —0.491%* —0.628%* —0.422%*
DIN —0.347* —0.413* —0.597* —0.322% —0.512*
PO, 0.156 0.19 0.146 0.577* 0.121
NH4 0.488%* —0.392* —0.09 0.165 —0.46*
NO; —0.012 —0.585% —0.466* —0.036 —-0.32%*
K NO; —0.022 0.206 —0.331%* —0.442%* —0.171
DIN 0.222 —0.065 —0.337* -0.273 —0.383*
PO, 0.515% —-0.27 0.274 0.415* —-0.224

i, HUREEMK.

AR NEIBIIREL . EE5 DIN 3 2B A (K 40 1&15), SRR AR, Ml & KRS
IR LRI ER X TENLR oM . AT, BRI I /NIgITE], 2% )= DIN 4 B 8 2 v bk L A3 KT /s, R W
N TR) 2P e YD) DIN BAMRBRHA P9 s T KUIIE], %)= DIN iR B Bl b I B 8 R T8GR W1
HIE) B e v 0 DIN EZE LA HE R A3 JRITR R, /N2 DIN 3K FE S5 b6 25 R X 4 I i FEAE, A8 T
HBOKREERT, R ARE TR ER RSN K B R R RS I B AR AR o

3.3.2. TS S

DNRE— AR TR A A 28 7R 3 I R LIRS R T, ar B R /N T % Bh 0 Rl DR 3R HEA T R RO 4
Mr, 85 el 3.7 4 Fiom o 45 R, AN RT = A 25 00 ARSI AT YA 2 800 Rt DTk R 43 AlIE 83.2%F1 89.0%,
ATRRAR BRI E B

BRI VRS /N A P A 22 R A3 e % IR T3 JE R an 1 6 FToR, B IVAT /N 26 — 2 Ry R B /K OSCEE R
FRFFEE R 3.25, HET 21 36.15%): 5 = F 85 FEH PO, 1 NH, ST 2 (FFIE(E N 2.33, R T7 2]
25.87%)c SN FRA A EASL, FEs T A F K SCHE 008 75 3 B TTHR o /NI 7R b 52 B I 2k 1) s e
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Figure 4. Scatter plots of suspended sediment, salinity and DIN during the neap tide at three water layers in the Humen outlet
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Figure 5. Scatter plots of suspended sediment, salinity and DIN during the spring tide at three water layers in the Humen outlet

5. RITWOMEXHHAEEDRE. BES DIN S R#MRASH

K, HERT R Hh ANV R 2 AE R3S . AR /RS 5B E RN IEM SRR, SEEFRILE AL,
Y Pearson AHIC /M 4546 — 8. /INEDULIN A R) 200 8 77 SR B sgma I 2O R FE L KRS S EFIKIR.

PRI K 28 — 7 PO, Al NHy N 224 BG4 CRAAEAE N 2.50, (5807 211 27.78%); 55 — o
oL R DTRRIR 2 (RFAEEN 2.10, (R 2R 23.29%). SRR, HEEAUKEXT BERR SR RSO, IR
TSR Eh AN AR #h A S M IR o RO S T 2 198 5 7 6 1) 2 5 i) [R 3O AN B BE o 2R B, PR 1]
FUASZER . /NEIBN IG5 AN TR],  HO U 78 75 SR IR s i ALt A [

Table 3. Principal component analysis of nutrients and hydrological factors during the neap tide

*® 3. RITNAOMBE NIRRT ERD HIER

\ ISR Wb 6 F 77
Ry ait %% 2% s T %% 2%
1 4.005 44.497 44.497 3.254 36.155 36.155
2 1.996 22.181 66.679 2.328 25.869 62.024
3 1.485 16.497 83.175 1.904 21.151 83.175
4 0.598 6.643 89.818
5 0.444 4.933 94.75
6 0.234 2.601 97.351
7 0.149 1.653 99.005
8 0.064 0.713 99.717
9 0.025 0.283 100
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Table 4. Principal component analysis of nutrients and hydrological factors during the spring tide

4. RITAORBERNIMERFERD DGR

HIGHRFAEAE e 5 1S 7 A
Hit T7Z1% Ait% it Ti Z % Ait%
1 3.198 35.535 35.535 2.501 27.785 27.785
2 2471 27.455 62.99 2.096 23.293 51.078
3 1.265 14.053 77.044 1.956 21.73 72.808
4 1.076 11.96 89.004 1.458 16.196 89.004
5 0.47 5.219 94.223
6 0.284 3.156 97.379
7 0.138 1.535 98.913
8 0.061 0.683 99.596
9 0.036 0.404 100
() (b)
~\ a
X X
[ [@))
% 5
78] o
N N
p—g A
N -1 ™
H -1
-1 -0.5
A (36.15%) TR (27.78%)
Figure 6. Rotated loading matrices of the first two components during the spring and neap tide in the Humen outlet: (a) neap tide; (b)
spring tide
E 6. RITAOMEMERFE— FEZEMNIMEETHERERE: (2 Ng; (b) X
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AWEFEEE T HRALHEN 1 1 2016 SRR ZE SN B , 70 Hrinl 13l 0 AU 97 2 1R 3 Aef, s a
ENFIE IR ERIE N, BB

1) BEFRI SR EFIMIG, IR DRE IR 8 B 2R TR, oA EERZ AN
HERTFARIR LA SRR 0 2R A S A EL T i

2) WEFRHGEWDIRE LR LR BZ MR, SRR RE TR UNMAERI T BEE IR L 52 IRE
KANRE, BIDWBEE IR RIS R AE IR AE
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