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[(FHE] MRS SEERE: (PO} ) AW OBMEBERRES (alkaline phosphatase, AP) S#EEIFAYLR,
MSE T IRV O KAR B R ST FR B 15 1 (dissolved alkaline phosphatase activity, DAPA) | U1 258
WEMREEIGYE (particulate alkaline phosphatase activity, PAPA) FLEFSEBERR G (total alkaline phosphatase
activity, TAPA) , J3HT T BBV BE R BEH PE AN 25 20 A5 RRAE S S 3R IR 1 | B IR RO A G HE, 45
FUT, JURTLE TAPA #1225 W3, W H LR T T e, RIZNEE TIRE; TAPA 12BN
W%, FkZ= TAPA 4> T 85.5 ~ 876. 5 nmol/ (L - h), £FNT 7.5 ~639. 8 nmol/ (L + h) ; BkF AP FE LU
KLASTAAE, PAPA X TAPA M9 V-3 TTHRFE 7 (84.9 £9.5) % , 142 PAPA 1 DAPA % TAPA [ BTRAR 53
H(54.1£26.4)% F1(45.9 £26.4)% , ZHAK, Git iKY, DAPA 5¥ S A PLBE (dissolved
organic phosphorus, DOP) VEFEEEIM B EMIEAIC, SEE 2R E WA, ULHEHE AP £2H
DOP iR r=4z, 32 - /KIRG M ; PAPA 5BV HUKY (suspended particulate matter, SPM) ¥ /&
BN RE LA, 55K a (Chl-a) MR R, SLUIME ER0R Y E Y 40 & 7T = B0RLZS AP
BORIR, BIRSERULH, AR BE YRR P T RE R W B RS TTHLEE (dissolved inorganic phos-
phorus, DIP) MYEZRIE,
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Abstract: In order to reveal the role of alkaline phosphatase in the PO}~ rich estuaries, the activities of
dissolved alkaline phosphatase activity( DAPA), particulate alkaline phosphatase activity (PAPA) and total alka-
line phosphatase activity (TAPA) in the Jiulong River Estuary were measured. The spatial and temporal distribu-
tion of alkaline phosphatase activity and its correlation with environmental factors and phosphorus nutrition level

were studied. The results showed that the TAPA in the upstream of the estuary was significantly higher than that
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in the downstream, and it was slightly higher in the surface layer than in the bottom layer. The range of TAPA
in autumn was 85.5-876.5 nmol/( L- h), which was higher than that in winter (7.5-639. 8 nmol/( L- h). In
autumn, alkaline phosphatase mainly existed in particulate, and the average contribution of PAPA to TAPA was
(84.9 £9.5)%. In winter, the contributions of PAPA and DAPA to TAPA were (54.1 £26.4)% and
(45.9 £26.4) %, respectively. Statistical analysis showed that DAPA was significantly positively correlated
with dissolved organic phosphorus (DOP) and negatively correlated with salinity. Therefore, it could be specu-
lated that dissolved AP was mainly induced by DOP and controlled by the mixing of river and sea water. PAPA
was highly positively correlated with total suspended particulate matter (SPM) , indicating that particle-attached
bacteria might be the main sources of particulate AP. These results suggested that the microbial mineralization
of organic phosphorus in the Jiulong River Estuary may be an important source of dissolved inorganic phosphor-
us( DIP) besides physicochemical processes.

Keywords: alkaline phosphatase; dissolved inorganic phosphorus; dissolved organic phosphorus; phosphor-

us cycle; Jiulong River Estuary
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F AR KA RO BB PR IRSZ T 90 8 G TR, PR B2 i A A2 Wy 64T B A A AN A K BT b 5 19 75 FR ot
R, HEBERMNSRO S FBOKKE EFR, BIRESRETE ., A B AL S5 MRS
BB (particulate total phosphorus, PTP) FIVE 4SS (dissolved total phosphorus, DTP), PTP F %
SRIETHMERIAL, DTP EZORIETHMEE A RINIR R, 40452 DOP F1 DIP, KILIE, X
H 3T R KRB (T B4R TP A VR — TE P AR Ay B Ak 2 o B RS ) T 25 1 i =2 1) 43
AR, AR R B R R A W B — A | A R A S R P R AR Y B A Rt
P — K AT RR SR 9 ORI 2500 IS, 4 DOP By AE A Rk AW 11| G R R4
IR R SEAT SR

KA AP LLSI i il A SN 2 R AR TR IR b, A 1) il — b A B 25 5 i il G
T T AN S0, FR AR AN A E], AEANAN K RIS, B DSOS AEAE s A B I) J p
R E BB S, Z LR RASATAE ., AP JEKAEREY & B — o i Qi , A Az ik
Vsl Ee AR MK FRERZ RS, BES . IS LE SR W 20 AP, KA L
BB PO~ , AR E SR, HEHAERKZE ) Hik, SrE#EEREETE M (alkaline phosphatase activity,
APA) BB A S 487 kK A b I i A ) BB ) A B AR BRRE R, MUKk R POy MR EAR T
0.05 wmol/Lit, KAEAYKSEST AP A, KR APA W EFHE™ ) WY PO} WS T
0.2 pmol/L I, APA NI E AL T ZHE0 0 PO}~ MEFILE 0.3 wmol/L LALLM Kk,
T 1A AP I8 1 K TE DOP Ak DIP B9V AR D32 BIBFIE A 06T, X AT RS S 380s il B )
XA MU A ARV E I ARG

LRI AT G Wy, J& TARVEE M ATiE w1, & — DA R TR O R SE, JTsess
K, NSRBI T LR TR SRR ER R T UV B S SRR v R N 2 ~ 3
U BT, RURTT A RSB R 2 A RRAE AR A R A 2 REE T (HXE APA IRFST
AUBRF LI S DIP #e BERRARAY TR >4, %t DIP Wik B 1 LR YT 7K A APA (R B 5 i A L
fGH, Xf v DIP A[ AP FEBEIEEA P AFE T AT 4E . B, ASSCLUE & POy~ By JLETE HAE A ATSE
Xdak, YEPEAEE FRERFIA IR A MUK (dissolved organic carbon, DOC) ¥R & ALK (BFkZ=H4
Z) MK DAPA | PAPA Il TAPA, J3 A /K 1 APA 1) %3 6] 73 A £ AE A1 2= 35 8 AL ML, #460)
APA 5 DOP . DIP ZIAIRYICH, WAL T AHLBERY U Y e X O DIP FEAE Y i SR
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1 MB5F*
1.1 #H@mRE

BRE T RFR N B2 %", a5lF
2018 4 11 A (BkZE) F12019 4E 2 J (%4 %F)
ST DK T T 2 MR A, UTE R
JEM R E 10 uhfs (DLE 1) SREEKEE,
RFEVERESL A5, A6, A7, A8 REXRE (HE/KM
0.5m) FEJE (KK 0.5 m) KK, H4ul
P HCREERZKAE, KFE] 5 L Niskin SRK &%
%%’ %Tg*‘i%ﬁ#ﬁqj (#ﬁ?‘é}:*ﬁ%ﬁ@ﬁ@i@ﬁ 117.70°E 117.80°E 117.90°E 118,60°E 118.'10°E ' 118.50°E ! 118.50“E
e, SRIGHBA AR B R, Z 5T 50 CHL B ARIORREE
), BT 4 ChRm, BELBERES F#TE Fig.1 Sampling stations in the Jiulong River Estuary
SEAbPE ) EEE (T) i) SBE -917 A CTD e, R (S) RAMEEXZSHOK T
X (WTW Multi 340i/SET) BUIZE . FFIHEMA APA TEAI/KEEZ 0. 45 wm BERRLF 4 2 I8 5t I8 5
B, — RN SERS BT, DOP 1 DIP 2 BT FH K RESZR 0. 45 wm B R 2T 4k % 8 I I8 5, BB WA
-20 CHRHRRAE, — T HNZERIE .,
1.2 HmillE
1.2.1 DAPA . PAPA Fl TAPA fyll5E

TAPA SR Kwon 52 (43 RV TINE , a3 R4 . B 20 mL RZaEuEAIEK, A 1 mL
1 mol/L Tris-HCl &A1 0. 5 mL 10 mmol/L RN —8HIF W, ¥ T 37 CI/KIRR N 6 h, FAIA
1 mLJBE 550k 0. 3% LR MM 1 mL T 0508 0. 5% AL, RS20 15 min, EZ
£ 25 mL, BO0E, FIEWATE 510 nm AR 5E PABERR A8 — SHK il RO 2R By & 1, DB I ] B A7
IR 2RI (7= BT APA (4845, MRS IR A A TE 1. DAPA FHZT 0.45 pm AIE AR
UEMUETR , SRAFRER TR TN . PAPA B3 TAPA B2 DAPA K75,
1.2.2  DTP I DIP ()il 5

1) DTP i RASBRERA IS M, $0A VIR AL IEBEIR SR, T Az i (%) Wl 12 56 ¥R B2 SR )
RS EEE R 2 20 SEABIRINT . /KAEZ 0. 45 pm VERERTUESS , HU 25 mL EWRONA 350 pL
50 o/ L MR BRI VA, 72 95 COKB B EIRNEM 3 h, BUR/KEERIEZE, FKRKIMA 0.5 mL
100 ¢/L BIPLIA MLERIARR 0. 5 mL $HRRENR AW, TR%3%5], WARHJE DTP,

2) DIP B9IE  HR25 mL JEWR, ARZIHM BN, MASHE DIP,

DOP (i DTP 382 DIP 131, H—PFEMES 3 &k, BOFHE,
1.3 HUELE

K SPSS 17. 0 B AF i e IR 2 A6 BT APA 58 B2 50 Al AR SEM: {8 Excel 2007
PR ERLIR 2R 7 25 TR LUK R A R 45 A S B0 e (A Z A1 22 5, SR P R 36 9 Oy 3 ST 5 1)
PRV

2 HFHR
2.1 KRESHNETN

At AA A LI ORI SO 3R 1, RIS LT 24 F R i a8, 11 Hf2 A
B H SRR AT R 176.8 m*/s F1183.6 m'/s, " EHMEANK, FAHAKW, 2018 45 11 H (#k
Zx) FN2019 4F2 H (&Z) Ak ie, JURTL DK R 3R ARy 40 308 0 ~30.2 f10. 1 ~
27.0, W B, 2 AFWHEREZENAK, WO T, ERESTLAE, 24AFWHNhEERE
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SRS W R FKZE A ZR R ARSI 73000 R 20,5 ~21.8 “CHF116.9 ~18.8 C, FAZREEHIE
F A2, BKEEMAZER Chl-a JUR KR EE 0 1.5 ~11.5 mg/m* F1 2.4 ~6.7 mg/m*, BR T
A5 WHJEE)Z Chl-a WREERK 0 W T4 00, HARuhif 2 N F 25N RE, BREME N SPM 4k
TEREIr 5 21.7 ~636.7 mg/L A1 17.4 ~68.7 mg/L, BKERFETAZE, X al e ARk KAL)
SRR, SREUAEY VR BT AR, #1582 SPM B3 = T4 %,

£ 1 FORAEEE LT OAGEEE EE SPM, Chl-a AEF EMZRENENEE

Tab.1 Range of temperature,salinity, SPM, Chl-a,bacterial abundance and river discharges
in the Jiulong River Estuary during the cruises

o FAE
X p(SPM) p(Chl-a) ?Eﬂlﬂ*g (R TNER
B8] Time T/C S » L Bacterial abundance” Discharge®
/(mg - L77)  /(mg-m™) /(10% cells + mL™")  /(m® - s7")
2018 - 11 20.5~21.8 0~30.2 21.7 ~636.7 1.5~11.3 10.1 ~45.9 176.8
2019 -02 16.9 ~18.8 0.1~27.0 17.4 ~68.7 2.4~6.7 7.5~17.1 183.6

a FERFE UL B AT B K SIS FNAR G K SCuh Z24F H PR 2 M, 51 A SR [27]; b RoR g £ 50 2014 48k
RN A ) XA s, 51 A Sk [28]

a indicated that river discharge was the sum of the average monthly discharge of Punan and Zhengdian hydrological station,
which is cited from literature [27]; b indicated that the data of bacterial abundance in the same area in autumn and winter 2014

were cited from literature [ 28]

2.2 BEREMBZSM

JUETLHAZRZ/KAR DTP, DIP A DOP Y FEEAE A an &l 2 firz, BRI 2 AT UL, FkZ= DTP By EE i FEl A
F1.34 ~3.21 umol/L, FYEN (2.16 +0.57) wmol/L, HE W L Ny mSeThm, 16 A4 Sk s
IKBNWEAG, 2 5 ve BB R, B 10 R WA JY2 ok B R & A R, & 2= DTP WM E T BA T
1.17 ~4.01 pmol/L, FHJE }(2.61 £0.96) pmol/L, BEE;THKZ:, {H DTP % A/ AT HfF 5 Rk Z 3
A—E, JURITHRKZERNAZE DTP 1Y EZ 53 #5 % DIP, #Z& DIP ¥ DTP (%(89.6 +2.7)% , 4
T (77.3+7.3)% , iLE T DOP W& & (BkFEN(10.4 £2.6)% , %4F8(22.7+7.3)% ), DIP
RV B2 0 FELAK 22 7E 1. 19~3. 04 pmol/L, ZZ27E 1. 12~2.95 pmol/L, W & TRRK 40 7% X ki
MEAE, (A5 E0F RS RGE O BE AR, BARTJLIR YT O DIP AR L 30 4RI & AT, DOP
AU EE L DIP 1522, HOUREJEHERKZEH 0. 15 ~0. 30 wmol/L, &ZEH40.05 ~ 1.06 wmol/L, 5 30 4E
A0 52 (LA LA AR AR B 7

4r 4r
3 3t
5 L
<o} =t
S
=
2 £
St St
0OF 0
A3 A4 A5 A6 A7 A8 A9 A9-1JY-I JY-2 A3 A4 A5 A6 A7 A8 A9 A9-1JY-1JY-2
i 7 Sites Y7 Sites
a) Bk Autumn b)%& 7% Winter

B2 AXRIO#MEFMZZDIP.DIPFI DOPMZEAHMETHEN

Fig.2 Spatiotemporal distribution and seasonal variation of DTP,DIP and DOP
in the Jiulong River Estuary in autumn and winter
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2.3 APA IR Z=HT

JURIT 0 27K TAPA 1723 () 28 4 i 3%
(VLR 3), Hefk FSR B0 0 e . PR s L
g, FkZ= TAPA 7F 85.5 ~755.4 nmol/(L « h),
e ren (B BUAET 1 LU0 AS U, eAIRAE BT
TR A9 Bl AR R IRRY JY 1 54 BT T
Bo 2 Z% TAPA 7£ 7.5 ~ 639.8 nmol/(L - h),
HAa Mt SRR AL, fm (EA A
AS U, FARAE BRI R R JY2 3, MR
Hof (WK 4) RE, BERT A6 BK)ZE
TAPA (876.5 nmol/(L - h)) M1 B & T % 2
(261.3 nmol/ (L « h)) #k, H Ay vl {3 40 22 K B
i, &2 4 DU R )2 TAPA ¥ig & TIR)Z,
EEEFERARABE (P >0.05) . NF7E4

TAPA/(nmol- (L-h)™)

H, FkZE TAPA “FX{E M (339 £242) nmol/(L - h),

BIRETAS, BEFABFE (P >0.05) .
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Fig.3 Spatiotemporal distribution of the TAPA in
the surface water of Jiulong River Estuary
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Fig.4 Comparison of TAPA in surface and bottom water of the Jiulong River Estuary
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Distribution of DAPA,PAPA and TAPA in the surface water of the Jiulong River Estuary in autumn and winter
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BS AL, BKZRIURTTL KRR AP 2 LUEUR A7 78, PAPA X TAPA 19 BTk & /IME N 70. 1%
RKMEIEHN 97.3% , VR (84.9 £9.5) % , ZFAHFN WERIR, 1EW B _LIELL PAPA S 3, ifE
TR L DAPA 32, & ZRANAT 11 PAPA BF3 BTk (54. 1 £26.4) % , DAPA HF-2 5%
HRFEHN (45.9 £26.4) % , FkZ= PAPA X TAPA (BT 5 T42, AlBE 2R AR LT 1 &
TERURIY) SPM IR 38w T4 %, HANWFEE M B E S TS (R 1), HEMEETRY L
YHPEXT TAPA O BTRREH B & T4 2,
2.4 APA SREETFHMEXME

DAPA | PAPA 58 M5 R BT B /R 2AH GRS SR L3 2, i3 2 7] UL, DAPA 5 DOP, DIP
BB E MG, SHREEREEAMIE, 5 Chl-a IEAAXEARZE, 5 SPM AHK; PAPA 5 DIP,
SPM W FIFARSE, SEFEW BENALE, 5 Chl-a IEMHXEARE, 5 DOP AL, 2 Fadr,
DAPA 1 PAPA #5555 DIP 24k B 2 EAH5C, T UL DIP ¥R EE & IR0 B0kl AP (94 k. M, T DIP
W EE T R R S N A T A AR R B, i R A E 20 AP, R AT DL, BRI R F X DAPA |
PAPARYSEME AN AHE] , ANATRTIA, HH A 70 W A IR P E B IR G 2 FPIE . —FPsbmig, ©
SR S MRS A 1, RIS R0 E P AR R IR W LIRS AT R R R R
FEIBR S T Bl , B S LAVARASAETE . T UL, PAPA 238 Sz e iy 2 o ] i A0 35 M ( ERUSR 0B 1) 22
A1 T BEME RS A A It ), PRI 55 0R0 ) SPML G R B %%

R2 AZTIO PAPA DAPA SNBSS HAET R /REMEM

Tab.2 Spearman correlation coefficient of PAPA and DAPA with environmental parameters
in the Jiulong River Estuary

FEBR Index Chl-a DOP DIP DAPA PAPA SPM s
Chl-a 1.000 -0.056 0.299 0.380 0.284 0.340 -0.669""
DOP 1.000 0.433" 0.706" " 0.070 -0.360 -0.186"

DIP 1.000 0.656" " 0.406 =* 0.345 -0.662""
DAPA 1.000 0.201 -0.180 -0.659""
PAPA 1. 000 0.507"" -0.597""

SPM 1.000 -0.403"

S 1.000
UL FEATAHOCHE P T AORE A B n = 26, ALARRK S MIA =R )Z FUIR)Z 9235, Seit itk = P <0.05,
* % P<0.01,
Notes: n =26 samples were used for correlation analysis, including both surface and bottom water samples in autumn and winter. Statistical

significance; * P <0.05, * * P<0.01.

3 g
3.1 ARIO AP BYSRIE

AP B AN ICHUBE B = BRI A T R A AL A S A r T, R B K ki B =
AR R 2 Sl E IR, DIP St i ] LA S A W7 A ol s i i AN, T DIP 7 2 Ast U] 25 1 i i
SR P A, BDETIBRY S - M ALEl, SRV A I DIP AR B = T 2. 0 wmol/L,
ML R T SCHR R A (5 R P BERR B 1 DIP B, # 0 nl DAED, JURTE O APA B ARAR, SR
WM, AR ETE UL O E U 2] 50w ) APA, 478 TAPA fit K{H ik 639. 8 nmol/ (L - h), Fk
1515 876. 5 nmol/ (L« h), XWARTCHLH “iES - Mill” PUEDMEAfERE, BLok, JURILH APA 5
BRI . MR F R0 (L3 2) R, DAPA 5 DOP, DIP &8 B 3 IEAH X (r =0. 706,
P<0.01;r=0.656,P <0.01), SEE2IMEENTAEL(r=-0.659,P <0.01), ULHHARMSHME
IR 32 232 DOP W51 7= Az, JEA2 - Mg /KIR A 50, PAPA 5 DIP Wi 2 1TEAH G (r =0. 406, P <
0.05), 5 DOP BAMIH:, XAEE AL 585K AR 745 AR ™, (05RO — 28 5 g 0
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RFFESE AL, W1: Labry %0 ZERRYNIRFET T (Elom estuary) WAMIFEIK K DAPA 5 DOP, DIP 2
A W IEARSE, PAPA 5 DIP 24K 8 # IEASE, 5 DOP AAHIE; Nausch'™ 75 2 (1165 7
W EHIJEWIE (Pomeranian Bight) #F585& L, 24 PO, WAL 0.2 wmol/L i, APA 5 PO, ¥EL
Ko AT, FERE ST CURNETS , DIP RS2 AP /- Ibr) EZ R E

Boge 45 TEWF IR AR BB X AP 43 WA I PR VE TR 38 i, AUEE DIP 1% B i I R ) W 4 o)
PEE AP 43t TS, N % KR DOP ¥ BE RS, Bk Z AR sr RIAD 2 APA RS
BEE KA, B5a0, ANMAHEX, JEZAB L (N/P) MESH, 788 N/P AR K
PRI BIAH N R ) APA . BEAh, —RANAYEEFRSEI IR, B InTCHLA A HLA BE 2 52 e 40 7
APA 1EMEFN DOP AUREAR , JUIRIT I LRI R CHL RO BEAR &, Ak U1k BE R 3 300 pumol/L,  H.
DIN/DIP B 535 100 ~ 150", KIARAE T 5 EFRKT, BEFE 8 I K 7R o b sl 7= A Fn e
FERUIEIRIRAS, TREEREM AP (EHEBEIEIA, X AT RERE FEOLIL I _LE DAPA A1 PAPA 58 = 1 )5
W, FA4h, WL O Bl AEa I SRR, MR At T E w0, M T 40T 4 I
Z ) AP KGRI FHAYIE , v, 16 & EFRKCERR T, JEY DOP X AP A9 S/EH =9 DIP ()
PHIVE R AT RE S R EE L

HJLRIT I APA 53R FRIMECH T (W3R 2) @A LIE T, PAPA 5 Chl-a 241 2% 1EAH
K(r=0.284,P>0.05), 5 SPM 2B EFEHIC(r=0.507,P <0.01), Ui, SEEUHEDAHL, K
FHAERAY) A YT BB PAPA T HREIATTRRE , X — ST LML T AR A s ) 40 o =
A FNEPTE
3.2 AP 5BHERHIX R

PART A IE 53 A A, ] B AR e Ak 2 B a7 s T B R/ DU WA AT 40 B W B — bt A, PRIt
FHC A 5Tt = L AR TR AR W) UKL KT DIP B W B — % W2 A T LA K 4 T S B A 3 st ik # vh DIP B B
R AR A HLBE X T DIP P A AV A SR LIOR ER IS A 2 B R g AL L
DIP {94345 (VLI 2) WTRAE H, LRI B A4 ~ AS 35774 DIP R B AN, 25 1450 b
B HRAE UYL DI PERE (BRARSCrP Y DIP) A8 P IRER B XAE AR B S AR, 1 4 o A S A A 4
WU DIP AN 24 5 A A B 1Y 30% . AT 1 DIP ORI AT BES2 2 Ao AR, B oG,
TR, B KA ES T B AN, W PR IR K OB 1) TE LA A6 IR /K RN K IR & 3
R ok, SCERARAE ), FE TS A R ZEGT O, X i R E A AR EON S ~ 15 X
W, SR, FEJURITE, SPM 5 DIP A MM (L3 2), X3 B0 BE 09 i I T REN 2 JL e T
M DIP ey 2, Hyk,  Hyy Rl A i 9k sh i DURR ) 04 BB T vl 8 ) S s 2t i WA B —
R R, I T REVE S AR B R DU AN R AP B9, A, JUJETTE DIP S5 DAPA
EIEE (P <0.01) FIEMAHKRER (WK 2), wUMAED L AP 4L DOP & fk, Al REXT JLIEIL
F DIP fUs AT S 2L DTk

4 ZEig
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