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Fig. 1 The survey stations in the Qingdao near-shore area
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Fig. 2 The status during the decay of Ulva prolifera
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Fig. 3 The variations of DIN components in water during the decay of Ulva prolifera (experimental group)
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Fig. 4 The variations of nutrient concentrations in water during the decay of Ulva prolifera (experimental group)

122.85 pmol/L Z [i], *F- 124 103.04 pmol/L, (5 TN /1y
59.40%, A TN ) ELAFHEILA

AR S g/L MSERR 2, TN A I B 3 i Tk
Yy 0 W SE G 20, SF- S48 53 518 0.5 g/L 5 0.05 g/L 5%
B2 B 4.5 F5 1 13.9 75 . KM DIN #3345 Hofth
SCEG AR, KRR IR FE L DON, PNIERS
FEAE LR 5 B A5 5 5 i A2 I i) T8 T 5, DON ik
JE 5 TDN ) 90% LA I, /K & o PN 9 ¥k B 15 il Ry
246.18~1 032.48 pmol/L, i TN 1) 56%~93%.

XFH 3 A S AL S AUE IR SR DL K A
KB, KM DIN #3850 H B F IR ks, Ho
R 32 40 fe oy W i, B T 3 8 e O it R S D Y

NO;-N, NH;-N, 7K /& 7 DIN 9 v B i It 5, fe i ik
26.54 umol/L., 1= 4= ¥y 52 56 2H /K A4 p DIN [ € 5 458
fik, Z %Lk DON I PN (18 & A7 45, WF & W) 2 R
e, BG4 W B PN, DON MR 22 . W 25 i 1 43 filt
FEHE Y PN, DON K43 e & S 07 4k oA TE ML AR ik
Tk, ?ﬁﬂmkﬁbkﬁ, Sl LB, i, K

WEWHR L 7, JUHEREK= IR X & e 2+
é%ﬁ%%ﬂ’a
3.1.2 BEEFEERME AR L

WK 4 fros, 2P 0.05 g/L B S2 I 2H K Ak rh
PO;-P ¥ i 52 T e R R 8, 55 20 K, L7+
R AE N 0.59 pmol/L, NAJER 2 5L [ AKikp



8 J VST ANRAR . IR R I N W R e 0 TR R R B H X S T PR ) 5 63

DOP ¥ J& 1) 75 fk #a 3 5 PO -P AH AL, SE TF i J5 BRAIK,
5520 K BF 35 B = H 0.59 pmol/L, Ky Ji Uf ¥ FE Y
4.6 1% KA H PP FESE 5 KEF 7+ % 0.74 pmol/L
J5 BRI, HS 4E 516 0.20~0.24 pmol/L JE N .

AN 0.5 g/L B SE A, 7E S5 0 R), Ak AR
PO -P ¥t [ — B AL T 5K /K -, e 3 3 Bl 7 0.013~
0.24 pmol/L Z 8] . DOP by &= B [ ¥ fift 25 W 5 97 4k,
Wil 2 WF 75 6 s B TR) AN BT T o, S 10 K B 3K g e
0.35 umol/L, J5 & i k&% . Ktk PP 2% LTHE T
R BB 3, Wk JEAE 0.64~2.51 pmol/L 22 i) . £E S5 it
FE R K AR PP R (5 TP 1Y 60%~90%, A 5 £k
1) F AR .

AW R S o/L B SEI AL, KA b R AR vk
Ve TR EY) S . B W E I, KRR PO; -
P Ak B 20 LT, 5 5 ORI, MR £ 3k 3.84 umol/L,
TR0 B IR 16.2 £%; 20 d J5 W JE FEAR 2 0.077 pmol/L
fidio JKARH DOP Mk BETERT 10 d BT, 25 10 K
5 R H 1.22 pmol/L, A IR UA MR BE Y 10 £i%;5 10 d J5
JEA T AR, ZEF57E 0.80~ 1.1 umol/L {5 [ 4 . 7K 4K
Y PP — BLAL TR R IE K, 7E 9.67~12.81 pmol/L
JEE N, & TP (1 65%~93%, N TP () EEAFAETE 2.

XF LG A5 A W e 2 ) S5 R R, AR W iR AR
Wl e R ok B iy, (A W B 2R K A b s A S
Eh e B T v BH S, T R A W & 4K {7 B DOP., PP
JEY R TR . &SR A KR T TP (v B AR I 12 5
W I AR A — i VR R, A SR R R
TR 5 Ok A AL T 2 AR ) A 0 B o ol LA AR 5 11
W BTG P B2, S e K AR B SRR A | B Ak

Xof 4% S5 g 2H K A B SR ER A A AR A A BT R W, 2R
Yt R 0.05 g/L 9 525 41 7K 44 DIN/DIP H B 7 52 554
W7 B G (P 5), Ho S £ B %5 POY-P 1Y 3 22 17 34
FEAR . AW 0.5 g/L 14 55 5 2 /K /& DIN/DIP H A

500
—=— 4 #0.05 g/L

—e— H:E0.5g/L s ~—_
400 | —— S g/l /// T

DIN/DIP
[ 8] [9%3
(=3 (=3
(=] (=]

0 S . \ I
0 10 20 30 50 60 70 80

40
B ) /d
K s

RS bR, 20~40 d B K A T POY-P vk B H T
A 40 R 1 WA R A D % 22 A I, IR DIN/DIP Eb A K %
Wi, YRR S gL LR AUK AP R . BEEF
HRZ VAL TR Y A7 7€, DIN/DIP H{H
— EAL FEARK T o 45 52 50 4 K AT W 6 42 3 1)
PRI A B A B L, EL TN/TP oA 7 52 56 3] 18] —
BT TR
32 HESHBEFREREXNSREEKRNZNG

a6 ARIEZH DR, 6 4 28 HE%
WS OGS W) BN BT ETE . A2 ANE
B, SR RS . T H 13 H, L
LTS 11 (V2 ) T 30 A R e 5 i SR A, ek
P ok, g NI C S %, 8 H 1 H, Z1l
5 0 o2t ) % 1 7 S o S T B s, e AA
W 2 BRI 1, BRI LR (1] 6).
321 EEFRILWELL

K7 FnlEl 8 SRyl XK R A TR SR B E
b vie B AR Ak, %5 1LV Vi S Y DIN 78 W 8 40380 K 5 R
A ) 2710, Bt o ki b A28 300 1) i AT T,
NO;-N FINH;-N /E 0 EEAH 5, LA . MHEGTS
RN BT TR, W DR RO AR KA s SR
i, 5 5 DIN& 4 4 B W K B, DIN % & % %
88.5%. B & W & LR W T 4 05 T B, DIN Ve B 20
T, BT B R 12.4 £, A NO-N 2 4 ] i,
ik AT . WF B S W T 4% )5 1, DON AT PN
W B M B JE, b PNORY Mk BE VG B 7E 30.08~
111.85 umol/L 22 [&], -4 4 (62.27+28.93 ) umol/L, 4y Iff
BN TN B EEIEA

LTS O (g S ) 7 I8 A 3 (8] K 44 b DIN ik B
BIKEFEBEE, 7 A 13 HETERE, B ETHiEE
/N T RS, KR EUE SR FEAAEE S
A PN, H:¥k > DON #1 DIN., PN 7& i £ 1 18] i i 5
FBl 7E 23.14~53.67 umol/L 22 [i], 76 WF & 4% ] 22 & W1 1]

220r
200 F
180F
160
140 F
E 120} °
E 100}
8o B
60F = =
40F
opre
0 10 20 30

40 50 60 70 80
i ) /d

S 2H T R et e B K AR R (B R AR

Fig. 5 The variations of N/P ratios in water during the decay of Ulva prolifera (experimental group)
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Fig. 6  The status of Ulva prolifera green tide in the coastal water of Qingdao from June to August
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Fig. 7 The variations of DIN components in water during the decay of Ulva prolifera green tide (field investigation)
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Fig. 8 The variations of nutrient concentrations in water during the decay of Ulva prolifera green tide (field investigation)
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Fig. 9 The variations of N/P ratios in water during the decay of Ulva prolifera green tide
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On nutrient releases from the decomposition of Ulva prolifera green tide
and their impacts on nearshore seawaters in the southern Yellow Sea

Feng Li'na'?, Zhang Haibo'?, Sun Yuyan'?, Li Xiuzhu'?, SuRongguo'?, Shi Xiaoyong'”

(1. College of Chemistry and Chemical Engineering, Ocean University of China, Qingdao 266100, China; 2. Key Laboratory of Marine
Chemistry Theory and Technology of Ministry of Education, Ocean University of China, Qingdao 266100, China; 3. National Marine Haz-
ard Mitigation Service, Ministry of Natural Resources, Beijing 100194, China)

Abstract: The decomposing process of Ulva prolifera green tide was simulated in the outdoor pond to study laws of
the nutrient release. Simultaneously, we carried out field investigation in the coast of Qingdao in June 2018, such as
the Aoshan Bay, the outside of Aoshan Bay and the Shilaoren Beach, to monitor regularly the seawater quality. Sim-
ulation experiment results showed that the concentrations of nitrogen and phosphorus nutrients were increasing sig-
nificantly during the decomposition of Ulva proliferas and dissolved organic and particulate states are the main
forms of nitrogen and phosphorus nutrients. The concentrations of dissolved organic nitrogen (DON), particulate ni-
trogen (PN), dissolved organic phosphorus (DOP) and particulate phosphorus (PP) nutrients in the water of 5 g/L
biomass experiment were much higher than original water. Field investigation results showed that the nitrogen and
phosphorus nutrients contents in the seawater reduced to the minimum gradually due to the absorption of the green
tide. And then, as the decomposing of the Ulva prolifera green tide, the contents of nitrogen and phosphorus nutri-
ents in the sea water were gradually increasing. Aoshan Bay was most affected by the Ulva prolifera green tide, it
was even inferior to the second-class water quality standard. PN and PP were the main forms of nutrients in the in-
vestigation area, this situation was most obvious in the Aoshan Bay (PP, 2.02 umol/L). Compared with Aoshan Bay,
the seawater exchange capacity of the Shilaoren Beach was strong, and it was intercepted and salvaged in time after
that the Ulva prolifera green tide was docked, which was less affected by the decomposing of Ulva prolifera green
tide. With the accumulation and decay of the Ulva prolifera, the nutrients content and structure of the sea area
changed significantly, which had severe impact on the stability of the phytoplankton community, which may cause
secondary disasters of red tide. Therefore, we must promptly clean up the Ulva prolifera gathered near the coast of

Qingdao to reduce the impact on nearshore seawaters in the southern Yellow Sea.

Key words: green tides; Ulva prolifera; decomposition; nutrient release; water quality
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