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Characteristics of Sediment Phosphorus in the Jiulong River-Reservoir System

and Its Ecological Significance
LU Ting, CHEN Neng-wang, CHEN Zhu-hong, WANG Long-jian, WU Jie-zhong

(Fujian Provincial Key Laboratory for Coastal Ecology and Environmental Studies, College of the Environment and Ecology, Xiamen
University, Xiamen 361005, China)

Abstract: Sediment phosphorus (P) content and component ratio from 16 sites along the North Jiulong River-reservoir system were
analyzed using the Standard Measurement and Test (SMT) procedure. The spatial pattern and characteristics of sediment P and its
ecological significance in the Jiulong River-reservoir system were examined in combination with water measurement and watershed
information. Total P content in sediments ranged from 387 to 2 092 mg-kg ™' with an average of 1 032 mg-kg™'. Inorganic phosphorus
(TP) dominated P in sediment, accounting for 48% -98% of TP, and Fe/Al-bound phosphorus ( Fe/Al-P) took 43% -99% of TIP. The
spatial pattern of sediment showed that TP and Fe/Al-P were higher in upstream and lower in downstream, corresponding to the spatial
variation of surface water P and land-based loads from animal waste, human waste and fertilizer loss. Spatial variation of TP in sediment
was controlled by Fe/Al-P along the North Jiulong River. The P-rich sediment with a great release potential due to the high ratio of Fe/
Al-P, the typical spatial pattern, and the lower N/P ratio observed in upstream water ( where phytoplankton growth tends to be weakly
limited by phosphorus) , are likely to explain the fact that algal blooms first appear in the upstream and then spread to downstream
reservoirs along the North Jiulong River. Present findings concerning sediment P characteristics indicate an important regulating effect
and the ecological significance on the process of algal blooms in the Jiulong River.

Key words : river-reservoir system; sediment phosphorus; SMT procedure; Jiulong River
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1 MR

1.1 WFRIX A

JUIe VT M Ak e W 44T 22 UK, AF 34 7K 51 400
~1800 mm,4 ~9 HHFEM & 5240 75% . il
WAILE VIR MR 3 &K FE T, Hrhdbig
UK R i eE BRI, T e A e
Ih—i7, 41K 274 km, 2 FH & 281.4 m’-s 7',
KRR 640 km® , [ 3EF- I3 B 2. 4%, H1 PG AL ]
R AR AR A Bm W e L X (A4 57
B R ) A J5 (B SR SRR o ) e ]
A, JUIR VT4 3 e sl R U 3 120 J88, Hp Y
JCE T LA 11 HARFOK L Wl R 1L 3
G U AR hy B (T 30 - DX R 4.

1.2 FESLCRAE S B0

WrALRE T E 16 AR A (35 2 X 53
). T 2012 4F 1 H REVIRY A FRIZKEER (B
T NL6 T3 JEEERAE ) . F AT R g 4 R 4R
RIZVORY MM 2.5 LA YLBEE R K REL)Z
K WTW Z2Z 80K BN E pH, DO, 7K
TR AR SR RER B TURR Y, R B
A 12 NUURYIFESL (95 N1, N2, N3 N6, N7,
N8, N9, NIO. N11, NI2, N13, N16).
1.3 FEARACE S SR oA

FKREHS ] S 6 % 5 SE B2 0,45 pm FA 15 R £F
AERat %, FERANAT UL A O B i T R S B
(DTN) ML (DTP) . UURLIRE 5 2852 5 3 (8 000
remin ', 15 min) B0, 4 FD-1 B HENL D B 258 %
FH WS i 100 H 7, 4°C vKAE R A7 2 43 B 58 B2
ST B 38 S 3 0 A ILY R 3 IR = 30 24 h
DA EJE, B A KIS 3 1, S50 FH K a4k,

ORI 9 IE 25 53 B R FHIER DN BR o 03X 25 53 2%
FEZR R & A SMT 32 3 UL 4> S
FRIEZ, B NaOH-P ( Fe/Al 454 25 #5) . HCI-P(Ca
2558 . IP(TCHLEE) . OP (A HLEE) F1 TP (&
W) BRBCLTRILE 1. $2HUES5 000 remin =" B0 20
min, $EHC I, AR BA T B I e B % i,
BRI HEN T — 25 8, BASFE LAl 3 AT, 45
TEAS W 0 A0 00 2 445 S A DURR ) T oA S ok R
(mg-kg™).

UEAb, RIEHI G T IR AR SR S48, Hob pH
A Eh fRI0 52 2 B8R 20 ], DU RS 2k 2 (LOT ) fY

BHEIGL R BB
450 3 h, 20 mL 3.5 mol-L™! HCI
0.2 gkt fh CR#31, 20 mL. 3.5 mo ¢ » R TP
iR 16 h
11 He
vaghg [ Dokl i o !
) 4
Rik 450°CH4E3 h »| op
20mL 1 mol-L™ HCI, %R 16 h
10 mLAR AL+
- .y -1
02 ghtih 20 mL 1 mol-L™' NaOH > RE 4 mL 3.5 mol'L™! HCI _| R NGOH-P(FE/ALP)
EiRE% 16h iR 160
y
20 mL 1 mol-L™! HCI
HCI-P(Ca-P
it ERRG10h P (Ca-P)

E1 AR SE SMT %)

Fig. 1 SMT procedure for sequential extraction of sediment phosphorus
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Fig. 2 Spatial variation of phosphorus concentration in sediment, DTP of surface water and county-level phosphorus

load (sum of animal wastes, human wastes and fertilizer runoff) along the North Jiulong River
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2.2 YIRS AAIE SRR

JURITACZE DO Wy vh & T2 S 0k & = S H A
BB S TR 1 A ek AL 1P & & 276 ~
1577 mg-kg™", di TP 1Y 48% ~ 98% (75% IH#
i IP 5 60% LI L), 1 OP 4 5 TP 19 12% ~
27% ,FRWHICE TR Y b IP & i 20 R A7 P
. IP 40 4% Fe/Al-P Fl Ca-P, H: 1 Fe/Al-P [ IP
) 43% ~99% ,1fi Ca-P Bk _E3iFAY N2 357 4h, 12

B 1P [ 14% ~37% , o] WAL R UL A4 1P L)
Fe/Al-P 3. TP fil Fe/Al-P & 244 290 [ 355 .
TUHK A 25 18] 70 A, Ca-P S BV RE B T M, &=
TLZR I XA fr [, OP #9723 (R AR 46 AR B . i
3.5 mol-L~" HCI E 42 B JLE VTR 90%
[ TP/( Fe/Al-P + Ca-P + OP) ] Lk | (¥ ®, ¥ 9]
SMT 4 85 42 Bt ik P vk HCL-P & 0] DA EE AR %

TP 7 1.

FR1 ARIHZRRYESESHSERELHKLILG]
Table 1 ~ Sediment phosphorus contents and component ratios in the North Jiulong River
e e N TP Fe/Al-P Ca-P P op
LT WRLERE WA /mg-kg™' 15 TP/% /mg-kg™' 5 TP/% /mg-kg™' 1 TP/% /mg-kg™' 5 TP/%

N1 JiE) P 52 JEIX 2091.8  1591.0 76. 1 268. 6 12.8 1577.1 75.4 276. 4 13.2
N2 Pk T3 1154.9 483.7 41.9 622.1 53.9 1134.6 98.2 140. 6 12.2
N3 EABF b/ 1673.9 957.3 57.2 373.1 22.3 1315.4 78.6 229. 1 13.7

N6  HEFEHIX AT 752.5 522.4 69. 4 193.0 25.6 688.7 91.5 150.2 20.0

N7 %R JEIX 1486.5 1194.1 80. 3 173.2 11.7 1207.7 81.2 253.2 17.0

Ng K [ 387. 4 216.2 55.8 114.3 29.5 313.1 80. 8 106.2 27.4

NO PR X 735.9 635.3 86.3 117.6 16.0 699. 6 95.1 138.2 18.8
NIO 43 L HLk JEIX 1089.4 612.8 56.3 95. 4 8.8 632.7 58.1 199.2 18.3
NIl R R JEIX 1020.6 578.6 56.7 92.8 9.1 607.8 59.6 187.9 18. 4
N2 KEHH JEIX 578.6 250.7 43.3 70.2 12. 1 275.9 47.7 134.7 23.3
N3 FKHL JEIX 580. 4 291.5 50.2 78. 1 13.4 315.2 54.3 139. 1 24.0
N6  VTHREKX FEIX 832.6 453.3 53.9 117.3 14.3 505.3 60. 8 177.7 21.4
387.4~ 216.2~  41.9~ 70.2 ~ 8.8 ~ 275.9~ 477~  106.2 ~ 12.2 ~

L 2091.8  1591.0 86.3 622. 1 53.9 1577.1 98.2 276. 4 27.4

S 1032.0 648.9 60. 7 193.0 19.1 772.8 73.4 177.7 19.0
bRtz 503.6 409.2 14.2 161.9 12.8 432.7 17.0 52.9 4.6

2.3 U AHCHRAL AR

JURITAC B VTR A G AL S 500 B T 3%
2. YUFRY) pH 5 A 6. 46 ~7. 37, B AR JF A7 Eh
49213.9 ~258.9 mV. YUEEEK = LOT H KAE
PRAE RIS N13 (FIK B ) | B/ ME H BLAE B
N2 (FAR) . LOT AT 3L R AR AT HLET Ay 3 i, Bods b

=2
Table 2

ARITIL R EB L R
Physicochemical parameters of sediment

in the North Jiulong River

Widigms  pH  Eh/mV  LOI(dw)/% /;f; L Tkz »
N1 7.03  233.8 9.58 23.4 3.8
N2 7.37  213.9 5.54 22.3 3.1
N3 7.00  235.7 13.53 22.8 3.5
N6 711 229.4 7.07 21.6 2.5
N7 6.66  255.8 11. 64 22.1 2.9
N8 714 227.1 9.02 19.3 1.7
N9 6.76  250.1 9.25 18.3 1.7
N10 6.64  256.7 12. 74 21.4 2.0
N11 6.89  242.1 8.45 21.8 2.2
N12 6.84  245.2 8.05 7.5 0.8
N13 6.79  248.2 14.19 8.5 0.9
N16 6.46  258.9 9.38 6.6 0.7

AACETIBRY AN &G —E 2% (5.5% ~
14.2% ). P TN F1 TOC 1925 [8] 22 5% 3%, TN
THETE0.7 ~3.5 g-kg™' Z 0], TOC F &= FE 6.6 ~
23.4 g-kg ™' Z[0]), YUY TN Fl TOC S8 FiFEN T
i ast DR ) A JEE A8 AR

3 itig

ORI 25 ) 43 A s il IR 3

U ITAGR DR P& BB L . T UK
WA RRIE (18 2) . HAEIETS Y & &SR0 Ak H
FRRE TS 51 1) TP ¥5 Yo 57 faf £7 4 B S 17 DX 4 22
S, HIEERERIZK DTP SRR . LiE
JeE T CHT 2 X)) 189975 G B A 4 Ui dul e vy, J88F- Tl AN
FM AR IRZ. 3T 10 45K, 38 X & & IRl & R
AR | A Fe R TS Yok 5, N1 ~ N3 YT BEAR & 19 1T
B P & i B AR 58S KA SR HE O = 385
A WATEFTH N7, 32 F 4 H AL RT3 2 A4
M5 K HERR , DA BB A L5 5 i 6 U
W) TP & & ik 487 mg-kg ™', M2 HLi5 YL i fif B
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Fe/Al-P J2354% Fe . Al 5 Mn B9 1LY B2 Hiok
GV R AP T R B, 2 ZORIE T 5K
K HERL . LB VTR Fe/AL-P 5 55 1k
216 ~1591 mg-kg ™', HAS MR 5 TP FA —3,
e e (B IR e 2 Tl XS 6 (N ), R T A T X
(TS YA > (18] 2) , Fe/AL-P & 2 IR{E (N8 i
%) HBUAE T Ui 32 N30 sl T4 A /0N, HT) i I
FUK A FL A R A B JLIR VTR TP & & i
I3 52 Fe/Al-P £, Fe/Al-P [ TP 1) 42% ~
86% , FEHILR Jp 7 M X K R AR T & A K.
2012 4F 11 HiEI47E N9 FR7E I PE B R IX 11 A>3
JEKFE S Fe &4 0.01 ~0.10 mg+-L™", Mn
FHN 0.19 ~0.23 mg- L™ (BudE i A &I bz
PRt Hrp AR R IGHE  Hb R AK K TR HERR L (Fe Ky
0.3 mg-L™" ,Mn }0.1 mg-L").

Ca-P R B IR A8, 2R IR T 8 2 oA
HiL A R AT, DL R e T B B R S
W E PR AR 8. JURTTIRR IR
(1) Ca-P 7 & B N2 3 o7 38 @ A, How i v 7€ 70 ~
373 mg-kg ' Z[A], W& AR A ILAFKE (23 ~ 139
mg-kg ') AT fiE 5 A [ MR A% 14 R 9 XUAE A
K. N2 BEfiH Ca-P 5 TP 4 54% | Al fig 5% 0] BO#
BAZU (FEB A ) £ K.

FEA TR T, OP BIA K& T &84 A= Rl H
R, ok AR IR LR DU Y oP & &
106 ~276 mg-kg ™', AR 25 5745 Fe/AL-P /N, B
JLE DY) OP & RAHIX R E .

3.2 JURITUURYBE A AL S S5 BRAL I R 1 O R

FHIME AT R B, DU 25 T S 0 2 5 A 6
P PERA R (£ 3). JURY TP 5458 LU
S TN, TOC #5473 i A0 %, o 5 Fe/Al-P,
OP A (P <0.01) , 55 Ca-P AR 1 2%
(P>0.05) , R JUBITALR TR TP & 1 1Y m A%
(Z3[A] 25 5) F 57 Fe/Al-P £30, HiR & OP, X 5
Ruban 2% 7F 1 [ Bort-Les-Orgues 7K J& 1Y #ff 5% 4%
R—F WAIEEMN, Ca-P 1T HER N IREL K11
AL, a0 pH SRR B TS A LR R I A M BT R, A

PR Y TP SR £ 3 WoRTURY Ca-P
5 pH BEME(R* =0.679,P <0.05) , AT
PRI T2 52 B 0 AL SRS, DI TP
SUUY) TN #2 L E M54 (R® =0. 837,P <0.01) , %
BHUURR P Wl RN &R AL N R is G . iR
TP 53JZ/K DTP # i A C (P <0.01) i — 25t
BRI 3 2 A2 I 8005 e i AU SE . Ca-P 5
Fe/Al-P (AHICHEAR /N | 3R B P 2 A 5] 1) o 6 A
(| 43 A RRAE. DL A, DURR W Fe/Al-P 5 R 2K
DTP HHIEPER 22 | I PR 52 M K AR BT 25 i IR &
AR 2 (R | IR TURR BRI IS )
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Table 3 Correlation coefficients between sediment phosphorus and physicochemical parameters in the North Jiulong River

Fe/Al-P Ca-P P op pH Eh LOI TOC TN DTN DTP
TP 0.936" " 0.480 0.944"* 0.924"" 0. 092 -0.078 0.203 0.580* 0.837"* 0.778"* 0.716""
Fe/Al-P 1 0.268 0.895"* 0.926"* -0.021 0. 050 0.214 0.567 0.775** 0.588" 0. 561
Ca-P 1 0.663 " 0. 154 0.679 " -0.709* -0.322 0.473 0.676 " 0.799"* 0.843" "
P 1 0.790 " * 0. 285 -0.273 0. 041 0.679* 0.920"* 0.810"" 0.799" "
op 1 -0.230 0.248 0.374 0.441 0.653" 0. 496 0.412

1) = = FRPBEHL(P <0.01) , * FREBEHE(P<0.05); HAR =12

3.3 LRI A SR X
JURTLAL BT W & 2 (TP 2l 387 ~ 2092
mg-kg ™) AL TR EIKT, 3 TR | W
W Hy 594 ~ 957 mg-kg ™', KK 295 ~ 913
mg - kg 'Y, 4w Al A7 K FE B 400 ~ 700
mg-kg " JLR VTR T E LR IE YEAY Fes Al-P
HECH TP B 42% ~86% ) ,0P (5 TP 1) 12% ~
27%. T Fe/Al-P Fl OP ELA % i (B T3 R A= 9y
FIHME S0P X R E IR IR — BRI
K, o R K T AR T R BE A . 2009 4 1

HA2011 4 8 HALEM PR/ B2 B
Uid P X (VRSB ) ) i R R R, 5 U
YA R A E, LR X (N1 ~ N6 347 ) 2K
(%) DTN/DTP [ & HAEEAK (P31 27) , & Smith
1983 A4 1y AU LUIEAIR T 29 &) & 2k i K g
E . ARYE Redfield FEE BRI, B 7K AL T 8
SRR RS, FE UL B ] RE R AR K AE L] FE A
TSGR SCRAT T, AN 52 B Bl 1) i I (X ke
TR KA D BAE R R 2 X T I BOK
1o B K AR BEE N R R X, 51 BB — e i i 2
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1 ~2 J KA (] W DA 20 A, AU VAR PR X 4
Eo S TN/TP WA R4 1 f b S (R =
0.748 ,P <0.01) , Ui I A B LU (B 7E K AE 0 72 h oA
ZRPEEAE . EAETTRAT By N6 whifi 2 N16 wfifi
Z A 8 AR | X LU X YTFY 1) Fe/ Al-P
F) B A i (P 528 mg-kg '), B ARG K
(RSB RE. T ALl ) i 228 AR 22 X T AR 4 Wl 1) P0G
AT Ui XK AR R 22 2% & N R T fiE (40 2009 4F
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ARGV | AR LR A 123 18] 4 A
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WA IR WHEIEAS | KO (KR, IRA
FIK g 5= B8 st 1) 45 ) A A= /e 22 A3 ™. |
HO P XU K A R A 2, L& B
Az Py el A A TORR B 0 R B - J st R A 3
AP BSR4 1 T TR A A0 TR i DR R o R R T
B AR L ORI B 1) KRS 1 AL
T2 IR AR FE X U AR ) -k S 1
R R L S KA R 2 [0 A Sh SR FHOC R i
TRAME.
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91032 mg-kg ™' A IP N EEKAAIEAS (IP 5
TP (1) 48% ~98% ) , Horft XL LA Fe/Al-P Jy 3 ( i 1P
) 43% ~99% ). KR LT TP 1 Fe/Al-P 5 &
PR RS . R IR S A B, 5 R Z K
DTP % 52 A5 e 17 i 19 23 A — 30, DU - 22
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