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Abstract; Phosphorus is an essential nutrient in the Lake Tanganyika ecosystem, which determines the lake’ s primary productivi-
ty, and subsequently influences the animal protein sources for riparian residents. To understand the external inputs of phosphorus to
the Lake Tanganyika, 16 surface sediment samples from the rivers which flow into the northeastern lake were collected and analyzed
to understand the content and spatial distribution of the total phosphorus (TP) , and the relationship between land use pattern and
the spatial distribution of different phosphorus forms. The TP content in surface sediment varied from 73.05 to 239.94 mg/kg, with
an average content of 152.64+55.37 mg/kg, and the highest content was observed at Malagarasi river mouth. Using the sequential
extraction method ( Psenner) the phosphorus fractionation distribution of sediments was analyzed. The results showed that sequences
of the contents of different phosphorus forms was Fe/Al-P > Ca-P > Org-P > Res-P > Labile-P. The TP content was highest in the
estuarine wetlands, followed by that in urban areas, and the lowest content was in the woodland. It implies that land use had signif-
icant impacts on the content of TP and phosphorus forms. The patterns also implied that surface runoff and human activities would
be the causes of the TP accumulation in the surface sediment of inflowing rivers. The spatial distribution of different phosphorus

forms differed from that of TP. The highest content of Liable-P, Fe/Al-P and Org-P were observed in the estuarine wetland, and
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then followed by those in the woodland.The urban area had the lowest contents. The highest contents of Ca-P and Res-P were found
in urban area, and then followed by estuarine wetland. The woodland had the lowest content. According to the correlation analyses
between the contents of different P forms and particle size of sediments, total nitrogen (TN) , loss of ignition (LOI), and total or-
ganic carbon (TOC) , it was found that TN, LOI and TOC had significantly positive correlations with the Fe/Al-P, Labile-P and
TP contents, while they had weak correlations with Org-P, Ca-P and Res-P. It indicated that the input of TN and organic matter
would increase the content of phosphorus in the sediment, and the incremental P forms were Fe/Al-P and Liable-P. There were sig-
nificant and positive correlations between fine particle sediments and the contents of different phosphorus forms, while significant
and negative correlations existed between coarse sand and the contents of phosphorus forms. These results indicate that fine particle
sediments are easier to adsorb the phosphorus.

Keywords: Lake Tanganyika; inflowing rivers; sediments; phosphorus fraction; land use
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JHIE JE W5 ) ( Lake Tanganyika) {2518 LARE (3~9°S,29~31°K) &l PN K31 (383 1 181 A1) 32900
km®) |, A VR (BRAE 2 1470 m) L IR A SR R AR E S VR (5—9 H) [ SREIM
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ARG A3 L) T W i) U 3 AR G B AT T ORI o I % 42, AR 5 IXC 4l s A7 4 3 0 60 A 3 A7
T DX FIH 588 W35 B 2L [ S R B T X

AR BEAT AL A Rt gl R PG, W AR HHIE JE R, TR 146 km® 2 U I R IR T, N 9% Ik
3276 AN/km™'™ |+ SRR E TN R+ ARPHE A SRR T AGE TR AR A, B W R X I, B
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BEEE M 1978 £EAY 459.3 A/km? BENE] 2002 £EAY 1127 A/km?. FeK Th#b X 4E [ 7K 543 BB 4 600 ~ 1600 mm,
IR K R 1100 mm. KM ARAE 10—4 H ,5—9 ARKER D FHEARR] 50 mm. %10 TALK PSR,
LTI B AR T T AESRBEE A OB H ARG KSR R AV A, 35 5 O S B KA S5

WF5E XA 350+ R R 2 A an 8] 1 BT 7 (R R 43 2 8500 Ok U5 F 4 3k 30 m 43 3R+ A P
Globe Land 30( http ://www.globallandcover.com/ ) . 315§ JEM& 15 A< b8 - b I ST 23 Sy df b ZRpR ot
A OKRFIA TR N2, Hod AN T 3R R ZA A | & A Jm RS R B S a8 45, AL &4 0%
S JEKFE B R WA TR BT o b A6, AN 5% . Bkt 22 B4 P 2e B 100 L 2 ) T R A5 T 3 e
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30% . Mt A AT XY T2 22 H AL | R/ e AR bR, R4 S N TR AR AR 3 A MRRI AR AR. B b 2 14y
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ol g F BRI 72 ARG R LT K FE P A 25 F Tl A IS AE 7= A 0 A4 . S 2L g O OR
BRI SRS W RN SR SR T A2 i T 3h AL A A B LA B T B b A
e Rt it o g A Al A5 AL ES 2 e R Vi DA 2R B ) E R UL
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Fig.1 The location of the study area and sampling sites
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2014 4F 3 H 7 H0E SR W 1 AR AL AT B AT BT 24 3 45 AWM, 760 2 R W I Dk $E Luiche T
TSR 2L B SRV i Malagarasi) 8 1% 16 A SRAR 8 (L 1) | 354858 A9 AT 0057 T HE0ES JE s i 4
TN DB X AT EA R p AR, RE % R AN W) A 289 2l B X (T X3, TR0l i 3
IKFEAKIY Luiche Fids) (PR B I 0 A B B0 BESUBR T AR R AGHIAL 0 7 S0, R 38 #F T 4%
SR SN TR AT K A, FLIEASR S T A ) A R 23R SR AT 44 Bk S o B A B L SRk [ 15

RS ZRR AR ERZ VIR (0~ 10 cm) FEfh &R S VT RE S AR 205 A BHS %
B E TGRSR NORAE, T 24 h IS S50 % 76 30 5 8 W il AFF 5% i 36 X T s 52 50 2 6 DT
BT, I 1T P A A R B e s st T 9 T B 2 T 911 15 B 05 ] 5 T S 2 R T LA
B4 7 B X AT R AL 38, W5 Ab BT B ARE S TS Malven Mastersizer 2000 380Gz BE 4- A4 (35 ) |, Hoki 42 )
G 0.02~2000 wm, BRI ERZE/NT 1% , AR UERLEE 7357 09 MR A0 m] S | 26 0 58 8 oh ) XY
TS B AR ARFEAAE 3R RE S AT T E S . AL S R SRS | 33 100 H i
FAEREA AT B 4 1T, T 20 Mr it AR Bl (TP) L BVA(TN) (BRIEZS LB Pk (TOC) & = AL L
T

K H Psenner (B ESEHR UL FEBIE A5 55 TS B (Labile-P) k45 A4S (Fe-P) AH4E A
BE(AL-P) AL (Org-P) 55 ( Ca-P) FIFIAEASHE (Res-P) , TP & ILBEM A, LR 0K Fe-P A AL-P
BAE—HE AT AT, TOC A ER A EA3000 JCZE AT s ™) TN £ 5k 2R P Bt o B R 497 0 A o I 2,
HUB & 1 IVTRRY T RETE 550°C FRIBE 6 h mybeseti (Lon) FR ™.

2 BZREWE

2.1 N R B R

THIE JE WA R Z DURY) TP &84 73.05~239.94 mg/kg, E3 & &N 152.64 mg/kg, Hodr i
JUPE I O TP & & . VU TN (LOT 1 TOC & & fi i (B AL F RO P il 1, TN 5 &4 194 ~4149
mg/ kg, FI 58N 939.43 mg/kg; LOT & &M 0.52% ~ 18.13% , F-H4 & &M 4.03% ; TOC & &7E 0.047% ~
4.511% 2Z 8], BR BRI PG A0 H A6 FoAth 25467 TOC & 38R (F 1).

AR L B I R AT — TR R 48 0T R R 43 2 48 (15 (0.063 ~ 2 mm) #3425 (0.0039 ~0.063 mm )
I 1 (<0.0039 mm) ') Xeb AW 3 2 2 DURBUHIAEA TR JEE G307 , $ELED J2 g 0 < A AT S0 LA 0 4325
MR 1 iz, B AR 2 TR I 4 s (TR M0 44.98% ~94.33% ) MDA 1 i 40 B0K
18, 43318 3.37% ~36.29% Fi1 0.55% ~19.8% ). b5 & 1) e i 1B H BUAE O 4, A I AE H BRAE Malagarasi 1] [
(16" 5) , I AR A & 2 S HE R 76.10% . FHib & 2 A SR E N BU7E 6" 40(3.37% ) , Fe {1 B
#£ Luiche T 1 ( 13*£1,36.29% ) , BiA3 AWM A0 & Ht 0 F- 396 18.37% . FA AR &l £ & i i
I%, E¥I{E A 5.53% , e {8 H BLTE Malagarasi 7 11 (16" 55, 19.80% ), AW F1 a0 3 i i 25 1 | SRAE s &1 Pl o 1
M KRR | HLIE R 53 A0 K ot WAL SORE ) A 28R T, 3R 2 DURRS vh 3 A AL ) 8 4 5, 3k S J2 1)
1t X 66 = B B AR A v Y S A
22 NMTRRENRY E RSB S BT

NIRRT 2% 2 TR 55 0 B ( Labile-P ) &2 7E 0.12~0.85 mg/kg ZJd] , SFHI{E N 0.42 mg/kg, &7 TP H
Bl A%, AR 1% ; BREE BB (Fe/AL-P) & TP MR BIE K, 5 TP 1% 63% , & f7E 42.63 ~ 184.54 mg/kg Z
&), 35 iR 96.16 mg/kg; #545 A# (Ca-P) F3 &R 25.3 mg/kg, 5 TP B 16.6% , 5 ALEE ( Org-P) 3
TiEA 15.51 mg/kg, di TP 1Y 10.2% ; 5% A5 ( Res-P) P4 124 15.26 mg/kg, i TP 1 9.99% (3 2, &l
2). RIZVIBY) PR R S8 K /NRILUY Fe/Al-P> Ca-P> Org-P> Res-P> Labile-P. W55 X Fe/Al-P
hi TP & i, X 5 1 X BT AR Sk - v A G, DURR Y b Fe/AL-P ST HRUEH 5 TP SR EIEL T
Wb X - HEDVZRAR O EEEAR Bk AR A B S R TR R B AR RRAETE B S T B
254 JRIOL [ , HENE SR WA T I _E K R U S B — BB R, TR R R OR B B
i, U Fe/ Al-P & B
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1AW R Z IR B A 5T

Tab.1 General chemical characteristics of the surface sediment of the inflow rivers

AR U NTRPREAR B TR R 240 % -
FEA FEEK TR 5E TN/ LOI/ TOC/ TP/ <0.0039  0.0039-~ 0.063~ 4z /mi
W/m  BE/m (mg/kg) % % (mg/kg) mm 0.063mm 2 mm
1 2.0 30 372.11 2.10 0.103 183.75 3.58 35.22 61.20 0.083
2 1.0 2.0 194.36" 0.95 0.047V  208.95 0.55" 13.48 85.97 0.132
3 1.0 5.0 388.57 1.87 0.134 195.60 2.62 28.51 68.87 0.111
4 1.5 3.0 490.70 1.87 0.114 76.80 4.94 6.24 88.82 0.463
5 0.7 50  1252.66 8.69 0.056 132.00 5.53 4.96 89.51 0.453
6 1.0 5.0 996.56 3.44 0.158 134.40 4.26 337V 92.38 0.4954
7 0.8 2.0 249.31 0.52V 0.273 73.05V 2.88 17.27 79.85 0.108
8 1.0 2.5 568.92 1.42 0.184 93.00 2.62 11.87 85.51 0.438
9 1.5 5.0 547.18 2.50 0.114 118.05 0.69 4.98 94334 0.465
10 1.0 35 207.09 0.80 0.061 111.75 0.79 8.11 91.10 0.458
11 1.0 20.0 788.75 2.58 0.170 124.65 - — — —
12 2.0 20.0 961.05 2.18 0.205 118.35 2.53 18.11 79.36 0.341
13 4.0 20.0 625.93 3.50 0.223 199.80 11.10 36.294 52.61 0.068
14 5.0 80.0 451.39 1.63 0.142 194.97 8.55 17.35 74.10 0.089
15 6.0 80.0  2787.57 12.24 2.465 237.15 12.50 34.55 52.95 0.075
16 7.5 80.0 4148734  18.13% 45114 239.94%  19.80% 35.22 4498V 0.055Y
A 939.43+1060.24 4.03+4.86  0.560=1.20 152.64+55.37 5.53+5.36 18.37+12.42 76.10+16.28 0.26+0.19
* VRN BB, AFR G RR S, " FoR R,
2 AR BRI S E S S 1
Tab.2 Contents of each phosphorus fractionation in sediment samples of inflow rivers
G TP/ Labile-P/ Fe/Al-P/ Org-P/ Ca-P/ Res-P/
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
/M 73.05 0.12 42.63 3.53 3.86 1.83
okl 239.94 0.85 184.54 35.9 87.13 50.48
Sl 152.64 0.42 96.16 15.51 25.30 15.26
brif 2 55.37 0.20 42.83 9.23 27.09 11.64
A 5 R % 36.28 48.38 44.56 59.53 107.11 76.28

23 NHARRENRY TP RERSHESEZT EH IS

ATIAT 2% J2 UURR Hh 25 T 2l B i 125 1) 43 A AP E R A% AE 0T I8 P15 119 5 Y it B A b sk b5 B,
TS LAY v T AT A A R PR P P . TELES JE I T I R LR v TP 4% R 2 W 1) 2 [ 0 A A AE
AT LIE W, AR R Z TR TP & e = 5 H BLAE Malagarasi 1] 11 (8] 3) , Malagarasi 9] 2 485 155 J& W55 i)
SR AT A A T AR o HELUES SR e i ST AR 0 1/3, S0 H S 165 m /st YA R A A KR AR AR AR
A, 285k St R 4 2 AR AR AR A 2 b ) 28 B A, Ry B v e, A P S i IR S TR R 4. R PR
(] Ach 214 b T 2, 3 ol o o b 2R A8 i T AT I 2V A TR 0, ) VAT o e R0, K Y e AT
TR, S350 H M X GTAR P TP & i e oAt s (B0 HH BAE 270 37 050, 3 2 A s FAR AR hi i,
SRAE gt BV B ) 43 A VS | R S 3, EURAE 0 T A K R Bkt P s /K A Bt R 58 38, Tl i5 7K Al
AT TS K L AT, S B0 U AU O 0, AR B BN 1990 — 2008 4E AN H N T 103% , ik F 2 50
TPt N AR 3276 A/km®, PR i A TAEIRAE VT I X35, 4 2 S BUK IR ) 4k

YU Labile-P F1 Fe/ Al-P 2 I5c 25 5 itk A b2 7K A4 DA T 52 i /K (A 18 46 25 i PRI S, HLIES 2 s Wl
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Fig.2 Distribution characteristics of each phosphorus fractionation in surface sediment of inflow rivers

N4 547 Labile-P (880K, /8T 1 mg/kg. Fe/Al-P (23 (8]0 A5 AR5 TP — 8, & i H
HR B Ty TG AT 1 3 AR G A R A ) 3R D ) T o bt AR G HE AT, Fe/ AL-P %5 5 %2 3|
AACIER B LA 2 B K AR | B T RS PR A

Ca-P 1 Org-P RV A AR REAS OB , AT L m Ak AR B3 P, X0 o0l L e A e . AT i 1T
Brh Ca-P S EEmEALT 378, ik ok 2" W TAT BRI . Org-P & &A% M A A FRIE S TP & &
AN B AL T 50, fr N 35.9 me/kg, Org-P 843 ] Ry A=Wy D, 5 ok IR T4l 1 IR, 250 S
BRI 5" R B R AR AE K A R AR FE b AR R AR, 32 80l TE ShEZ m K.

P 3 A WINAT AL 2 J= DU S e A% B 25t 1% 25 [l oA

Fig.3 The spatial distribution of total phosphorus and phosphorus fractionation

in surface sediments of inflow rivers

24 AELHFALUNHSER SR

FRYESCHR[ 15] , AAF5E X L Mo F FHZRAI AT 43 = 28D B8 IX, A KGR X JAT LIV M AR R i 1K, He e 2® ~
3% 7~ 107 A TR X 17 117 ~ 16707 9] B ;47 ~ 67 7 T ARE X . =25 D) RE X Ayl B3 TP 5 i
i, P S 185.52 me/kg, HR R IRALRT T , TP SEH & 42 133.40 mg/kg, MR HLIX TP &1 55 fik , F
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Y& &8N 114.40 mg/kg. Rusizi {7] Fil Malagarasi

ok I Labile-P

EESTCALP | o S0 91 B 2 B2 AT, Lo Rusici
= 120 ggfp AR N 182.4 m'/s, Malagarasi 7] B9 AF I
= 100 - 165 m’/st R AU A R R 0 M R AR
sl VLHE AT, B2 T 11 301 11 2% 2 0B
@ B EEE, WHEH 2.53% ~ 19.80% , ¥ &
4“53 60 TR 9.68% , Z1/INURE 49y B 5 % B w2 49T 1
% af N I TP A . SR 1 2 B

ol AT 5 K A T B K HE R ) 0] 948 T R

5 TP e,

——— pram o Labile-P ¢ =25 + #h T B X & 4 804K, A

B 1 mg/ke. Fe/Al-P 7 & fiw i (A H BLAE] O
HEH -2 5 Eh 133,141 mg/kg, FOUR g Ak EE 3
X, Y&l 76.629 mg/kg, WAL I 7 B
%, -3 h 62.777 mg/kg,Fe/Al-P TE=2KIEEIX
i TP HLfI3A . Org-P 7F =2RINFE X B A 4555 5 Fe/ Al-P — B, e 5 & LA T3] DB | Ho M pR
Hb, AU DX i S AT, YT 0 9 bt XU Pl 5 1 0 8, M RE ST T AR G A 7 T 7 A R T X Ca-P
Res-P &0, 705120 40.049 F1121.851 mg/kg( 18 4).

2.5 AR IBAL M R AT B S R B IR 4R

W HR T TP ABEIEAS 5 B BT (g LS & & R A A ) =2 119 5 28 AT LA FH R 4 W e
FRU Bl (0 . o 0 20 % B EL Tt TR ) A WL K )RR BB R W B LA AR AR i AR 9 40 #1190
TRIRE S P AL BB E 5 TN LOL, TOC FURAR ARG | 45 5 0L 3% 3.

PUBIRE S TN LOT 1 TOC 5 Fe/Al-P Labile-P &4 W& M &, 5 TP MEHH, 5 Org-P .,
Ca-P #l Res-P &rm SR 2 R TN A DL, & S EOUBY ok & im0 Th s, Hosd = 1 A7 %
B FEN A R GRS BRI 245 6 5. MM RS KL S & BN, ARA S S E S S &
2 BEIEHX(P<0.01) MR AS S E S EE R E AL (P<0.01). FRAMHICHEX R T, Labile-P |
Fe/Al-P I TP & 5%+ 20 W2 IEM 5 (P<0.01) , Labile-P Fe/Al-P & i 5 80 &2 & 4156 (P<0.05)
TP 540 W 55 2 b A RS S A 2 35 IE A 5C (P<0.01) . Labile-P  Fe/Al-P Al TP 55 #0 K47 16 4 25 70 5%
(P<0.01) ,3X %M Labile-P . Fe/Al-P Fl TP 5345 555 + KA AP SEAMBURL TR B VI A5G (% 3) , LEE R S
T 23 ZEAE P R SE R I 0 R Z DR ] 38 25 8 5 66 1 AR D 45 20 UKL 2 35 A SE A 45 S — 3L, Org-P |
Ca-P Res-P & SR A IH W AHE.

3 AW IR B B A 2 AR S

Tab.3 Correlation between each phosphorus fractionation content and physical-chemical characteristics of inflow rivers

4 R R BV AL S8 & a0
Fig.4 The distribution of each phosphorus fractionation
content in three different functional zones

Kt/ mm

BIES TP TN LOI TOC

<0.0039  0.0039~0.063  0.063~2
Labile-P 0.575" 0.677" 0.761" 0.705 ** 0.722* 0.518" -0.635*"
Fe/Al-P 0.777 0.744 " 0.730* 0.731* 0.893 ** 0.745 " -0.864 **
Org-P 0.514* 0.272 0.406 0.142 0.424 -0.271 -0.347
Ca-P 0.509 * -0.147 -0.111 -0.018 -0.175 0.266 -0.144
Res-P 0.296 -0.097 -0.084 -0.080 -0.206 -0.161 0.191
TP 1 0.532" 0.563 " 0.567" 0.635** 0.719 -0.759 **

* P<0.05, ** P<0.01.
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3 &it

JHNES JE v A WA DUAR ) HROR RS A58 & i R/NR IR Fe/ AL-P>Ca-P>Org-P>Res-P>Labile-P , A i
T LA R o 3, Fe/ AL-P & ft i, 5 3R R AT M AT OG. VAU TP N4 I Al & Bk as 1|
22K TR Z I M BEIX, TP 3t R B A TRT 1130 b > 3 B B30T > AR b X 4500 Al 5 o 25 ) 40 A1 A
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