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Abstract: In recent years, due to human activities, a large amount of active nitrogen (N) has been transported
into estuaries and coasts, causing eutrophication and harmful algal blooms. Understanding the distribution of
different forms of N in estuarine systems and the relative preference of phytoplankton for different N forms is
of great practical significance for the algal bloom mechanism exploration and the effective excess N
management. In December 2022, environmental parameters and different forms of nitrogen concentrations were
investigated in the Dongzhai estuary, Hainan Province. By using the PN labelling technique, incubation
experiments were carried out to quantify the phytoplankton uptake rates of Urea-N, ammonium (NH4+), nitrate
(NO; ) and nitrite (NO, ). The results showed that dissolved N concentrations in the water of Dongzhai estuary
decreased along the river to the offshore in winter. The order of N concentration was NO; > NH4+ >NO, >
Urea-N, which ranged from 5.84—49.78 pmol/L, 1.16—40.64 pumol/L, 0.83—2.98 umol/L and 0.25-0.98 pmol/L,
respectively. The order of N uptake rates was NH, > Urea-N > NO; > NO, , which ranged from 46.6—
280.1 nmol/L/h, 4.7-21.3 nmol/L/h, 1.1-9.8 nmol/L/h, and 0.03—3.4 nmol/L/h, respectively. Phytoplankton
preferred reducing N (NH, " and urea-N), more specifically, the value of relative preference index (RPI) of NH,"
[RPI(NH4+)] and urea-N [RPI(Urea-N)] is 2.11-7.95 and 1.92—4.34, respectively, higher than the relative
preference of oxidizing N (NO; and NO, ) [both RPI(NO; ) and RPI(NO, ) were < 1]. At the sampling
stations with low and medium salinity, the preference for Urea-N sometimes exceeded that for NH,, i.e.,
RP[(Urea—N)/RP[(NHf) > 1. The study suggests that NO; is the main dissolved N forms in Dongzhai estuary
in winter, but phytoplankton prefers to utilize reduced N. Moreover, phytoplankton living in the upstream may
have a higher preference for Urea-N than NH4+. Our study enriches the understanding of different forms of N
uptake by phytoplankton in the small estuary.

Key words: nitrogen uptake rates; stable nitrogen isotope labelling; nitrogen uptake preference; Urea-N;
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Fig. 1

Distribution of hydrological, biological, dissolved N concentrations, dissolved N uptake rates at Dongzhai estuary
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1 =3 SRR A0, WT R B ol I 50 035 T A
(CTD, OCEAN SEVEN 316 Plus) 38 Bt , J 5L
5 S RIKER R AR IZKAE(0.5 m), FEFHZE 200 pm
FLAR I8 T I8 S5 25 N 20 L R BB TR (PC) R /K
b, OGO AR M S % RS 0.22 pm fL
1 ) BR b AL 8 25 L DR /K AR, BT -20 C Bk
re, TR gmmasamwEm e, Fp
Fi 450 °C Fi%E 5 h B9 25 mm Whatman GF/F & X
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Tab.l Latitude and longitude of sampling station at Dongzhai
estuary and related information

i Sz £ SRAFEHS(R] Az

P1 20.05°N 110.56°E 12:27 30.90

P2 20.04°N 110.56°E 12:19 30.40

P3 20.03°N 110.57°E 12:10 29.60
DZ1 20.02°N 110.58°E 12:00 27.50
DZ2 20.01°N 110.59°E 11:36 25.70
DZ3 20.01°N 110.60°E 10:17 19.20
DZ4 20.00°N 110.59°E 9:53 28.10
DZ5 20.00°N 110.60°E 9:45 28.40
DZ6 19.99°N 110.60°E 9:34 27.70
DZ7 19.97°N 110.61°E 9:25 28.50
DZ8 19.96°N 110.61°E 9:13 25.70
DZ9 20.02°N 110.61°E 11:16 18.50
DZ10 20.03°N 110.62°E 11:05 16.90
DZ11 20.03°N 110.63°E 10:52 22.40
ZXR 20.03°N 110.64°E 10:08 0.10

i E 0.2~ 0.4 LKFE, WA UEME, fR A7 T—80 C
AR IR UK AR, T e 2e b AT S 8 B R (total
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NO; F1 NO, ¥ B I 7 Ji 3 A 5 A~ A 4ot
JEvk, R HE 3R A 8 0 T X (AA3 HR, SEAL
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IRMS; Thermo EAlsolink, 253Plus, Thermo Fisher,
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(8" Npx» %0)™ s HITFME Chl a He B 198 5 T
e i) 0 3 B2 A 95% (AR AR L) 119 TS R 3kt Y
—20 °C L 16 ~ 20 h J&, FIZEAY (Turner Trilogy,
USA) Il e >
1.3 PN [ 2R B e S

T WAL X DIN Fl Urea-N fity W ST %, 5
o V& UNAT E 9 NH,CL, NaNO;, NaNO, il
Urea-N 718 i 7] ( Sigma-Aldrich) 5 4 — & S 4F 55
FER AR, HARGFE Fy: IKFELE 200 pm fLAE i
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Ui o 12 JHOKAE, 3 N —4. 1) 4 HIGFRI
3 YRV B PN-NH,C1, "N-NaNO,. “N-NaNO,
F1"°N-Urea, ¥ Jill 4 2 ¥ 2 43 51 24 0.19 pmol/L.
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55X IR BRI o LA 1% ~ 14%(CF- 3
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J5 28, B 250 mL AE S IREE T Whatman GF/F JER
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PN ¥ B K 8°N. B 37 1A 2 i 0 ik R

(nmol/L/h) % BA /N8 (1) 38,
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1

5
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0.36765% .

IKARIREE th ZIE S 2 FE, 17 A 1 76 1k
A LIE A B 2 K B AT B8 AE AE A [ A A D 4F o
Mccarthy 45 27 42 41 X 1R 45 45 54 ( relative
preference index, RPI), F UL HC BV Ui AE ) 6 A [+
B 25 R 00 e G R, B 24 R 0UR 19 RPIR
T LI, AQER I A ) 2 S0 i 4 P D5 S
Z, RPI/NT 1, MR ERA ] A1) FH 2 U -

p(A) c(A)

A) =2
RPTA) p(N)"c(N)

K . p(A)J&2 NH, . NO; . NO, I Urea-
N H R — e L A X R B PR B VR B T A D o 1%
e i 5 p(N) 2 77 A 0 % NH, . NO5 |, NO,
Hl Urea-N iX 4 Ff &L 5% #h 09 W I 3 32 22 Al
c(A) EH —HEE A AWM E; o(N) &
NH,' . NO; . NO, il Urea-N [ ¥k i 2 il
1.4 BdEAb 35 508 7 vk

AR SRR AT A 25 R ] Prism 9 11 Origin
2023 B FEAT, IF# 1 Origin 2023 Spearman £
U5 R AT A S 43 BT . SR SPSS 26 AT i
k22 ST, b, ORI 4 IR) 225 SR FH AR R R
T 2453 (ANOVA), p <0.05 Fnfl B E 25,

(5)

2 #BR5E

2.1 HEEHNFHAFEIE AR5 i

ABIE 5Y X I R VR 0.1 ~ 30.9, M
ZXR U AR KT 3l 5, B B e AIK. AKMARER B U
A 28 U T 0 B BR VR T AL 45K 1) I R A1 1 & 3 T
(Bl la) o SRAE MBI WT S Fl 8 183 C ~
19.3 °C, FH4{E M (18.9+0.4) °C (& 2a, % 2) . H
FAEAT TSk eh pE 2 b, SRAE B [ 4 () il a5k A
WS R (R 2 (3 1), T RE 0k 2 WT R AIG
TFAb G 5 (F 1b, % 2) . TSM ¥R B E K
(45.88+13.76) mg/L([&] 2b), TSM ¥k i 5% /& Y o
A ZXR 3 5 (75.3 mg/L) (& 1¢) . Chl a ¥
1E ZXR ¥l £ 15 (36.66 ug/L), JERELEE FFHE T
Rk ([ 2¢) o MBI MR _FoR i, BRE T liE
i 5 (DZ9—DZ11) i Chl a ¥ JE [(F 1M K
(4.82+1.84) pg/L] % 2 5 T 7R ZE U T 11 LA 3
[ 1E 4 (1.99+0.68) pg/L](p < 0.05) (& 1d) .
[M] Chl a & FE 53 A1 B 4201, PN MR FEFE ZXR i
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Fig.2 Variation of parameters of water with salinity in

Dongzhai estuary

R2 FEEBWAOKL . EME

4 3.89 pmol/L) (p < 0.05) (& 1e) .

Chla ¥&EE . PN R E SRS FREREH 2R
FIEM KR (p<0.05, & 3), KR E TR
JE &S IR A A KAV E Y R E R R
TR T U SR R v B B B R O 5T [
(&l 2¢), Hirb NO; . NH, F Urea-N ¥k & #5 5 %h
JER B EMAMER R (p<0.01, 5] 3), KA ZER
Mgk 3Z B N IR . KRR RS
Fidh ve BE A HERF A NO; > NH, > NO, > Urea-
N, ¥ B 7 Bl 43 ) A 5.84 ~ 49.78 pumol/L, 1.16 ~
40.64 umol/L. 0.83 ~ 2.98 umol/L. 0.25 ~ 0.98 umol/L
(8l 2¢) . NO; ¥ B b 25 5 T HA AUE TR Eh vk
JZ(p <0.05) (K] 4a), HUEEE (5 DIN #EERY 50% ~
80% (& 4b), & EZ A DIN fFEIE L. NO, Ik
FE L NOs Wk BE AR — DB 9, K280 5
NO, #E R 1~ 2 pmol/L(I& 1g & 2e) . NO,
W (5 DIN (93 B2 1 43 b 7E BR IR 0T S 38 I il sy
FORPEM, ZXR—DZ2, RN 3.19% ~ 6.41%)
LU AR ZEUS N R Vg 4 (R AL 1], DZ8—PL, i Lt
TLHEI N 6.05% ~ 14.43%) 1K (18] 4b) . NH, “F-Hifk
J# (7.50 pmol/L) & T NO, , NH, ¥ J& [ DIN #¢
h R BT | DR

Tab.2 Relevant parameters of hydrology, biological, dissolved N concentrations, dissolved N uptake rates at Dongzhai estuary

3l WT/C Chla/pg-L”" PN/uM DIN/uM NO3 /uM NO, /uM NH, /uM Urea-N/uM NaUnM-h ' NiUmM-h™' AUMM-h' UUmM-h'

Pl 1920 2.04 370 1067 7.59 1.54
P2 1930 1.95 3.64 1092 827 1.49
P3 1930 1.96 413 836 5.84 0.83

DZ1 1930 1.95 450 1806 1231 1.41
DZ2 19.20 234 551 2489  16.66 1.71
DZ3 18.50 3.83 8.55 3635 2633 233
DZ4 1830 1.45 326 1428 1158 131
DZ5 18.40 1.68 331 1398  11.07 1.37
DZ6 18.50 1.58 3.09 1500 1192 1.26
DZ7 18.60 1.85 398 1599  12.95 1.33
DZ8 18.70 1.28 374 19.02 1536 1.15
DZ9 19.10 5.62 6.81 3888  19.97 1.53
DZ10 19.10 6.12 13.99 5121 3364 287
DZ11 19.10 2.71 823 23.02  14.06 1.06
ZXR 19.00  36.66  47.78 9340  49.78 298

FHIE 18.91 4.87 828 2627  17.16 1.61

std  0.36 8.92 1132 2212 1158  0.63

1.54 0.27 8.05 3.36 101.51 12.92
1.16 0.26 5.85 1.81 72.30 8.80
1.69 0.31 4.09 1.30 97.91 10.34
4.34 0.40 2.62 0.63 188.08 18.95
6.52 0.47 1.12 0.37 104.35 8.04
7.69 0.68 1.69 0.08 90.97 16.36
1.39 0.31 3.68 1.26 57.03 13.49
1.54 0.29 3.87 1.07 54.98 13.77
1.82 0.36 7.40 1.15 68.23 10.19
1.71 0.25 4.34 0.82 86.00 13.14
2.51 0.26 2.16 0.39 52.75 4.74
17.38 0.85 1.19 0.18 156.22 6.77
14.70 0.98 9.84 0.04 170.01 13.36
7.90 0.75 2.32 0.03 46.61 7.27
40.64 0.80 491 0.09 280.06 21.30
7.50 0.48 4.21 0.84 108.47 11.96
10.46 0.26 2.61 0.89 64.48 4.61
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