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Estimation of the Phosphorus Flux from the Sediment of Hongfeng Lake
Using the Zr-Oxide Diffusive Gradient in Thin Films ( Zr-Oxide DGT) Technique

LUO Jing"?, CHEN Jing-an’* , WANG Jing-fu’, DING Shi-ming®
1. College of Resources and Environmental Engineering, Guizhou University, Guiyang 550025, China; 2. State Key Laboratory
of Environmental Geochemistry, Chinese Academy of Sciences, Guiyang 550002, China;3. State Key Laboratory of Lake Science
and Environment, Nanjing Institute of Geography and Limnology, Chinese Academy of Sciences, Nanjing 210008, China

Abstract: Phosphorus( P ) released from sediments has a great effect on the lake eutrophication, especially in the deep-wa-
ter lakes. In this study, in situ two-dimensional, high-resolution distribution of labile P in sediments from five typical lake
areas in the Hongfeng lake, a typical sub-deep lake, were characterized using the Zr-oxide diffusive gradients in thin films
(DGT) technique, and the P flux in a summer time was accurately estimated. Our results showed that the labile P concen-
tration in Houwu was the highest among five areas of the lake. Concentrations of labile P in sediments of Yangchang and
Dam areas were slightly lower than that of Houwu, and the Mid-north and Mid-south areas have the lowest labile P concen-
trations. The distribution of labile P exhibited large heterogeneity at the sub-millimeter spatial resolution. The calculated P
flux based on the diffusion model ranged from 6270 kg to 7999 kg, accounting for 22% to 28% of the total P of the water.
Thus, the internal P is an important source for water P in the Hongfeng lake and should be taken seriously in the manage-
ment of eutrophication.
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FHEBGE ABIIH BB, P IR B R 18 W UL AR
o] b B K AR T i BE . AR 2 53 YA 89 BT 5T R UL U 45
REW, REIEFERG MG R0 B TR AR
15 Qe s A BRI, B 9170 K 7R B AR £k ok B2 JF
FANTBAAE BE MK, MENALRE - T8E
WEAKE, FRYAERBEREANERE X —
RBed B EEFEE (ERFMEFE, 2007;
Elsbury et al.,2009) ,

HET A B UUAR Y P TR B R CE B R R MG UL
Y NIEBEXHHAES REZ W R CHE, T T # U0
R -/K 5 T B BR £k B WG 4 25 (8] 43 76 R AE R HE R G
B HOBR MM B 59 T A7 32 ( Monbet et al., 2008 ; Ding
et al.,2010a;Xu et al.,2012) . JFENV#ENFEHF AR
—MH B IREE R Y RETE, SEEEOEM
H B BB L E, AT UAE RS B A BB 4 A A 3R
TR B AR, AL ST B I 7 AR R b i SRR
B E R B FYEE, BRIy BEHBEZAR
( diffusive gradients in thin-films technique ,DGT) & H
BN RN ZHRMEAREEARAZ — KRR
Davison Fl Zhang Hao F 1994 £ B} 5% #& 57 ( Davison
and Zhang, 1994) . DGT £ R B F % & K 25 (8] 43 9t
R(ZARZEWER) ,NHE M TIRE RN KAIR
BREMABROWAMEMES, CH) ZN AT
HOTR L EEFRE N RPELJE (Cu, Cd, Pb,
In AsF)NZESAHBRSTRHATIRENTR
( Bennett et al.,2010; Chen et ol.,2011), DGT AR
iRy K A ERRIETEENE RSB
(labile P) , 03 . I H KBRS ARELINESE
SMAREANZ SRS (FEEHFS,2010), JLHR
Yy 18] B K RSBk (labile P) Al IR S YA A,
T IR U AR A B 3t 3R L 25 7 AT 19 U AR (R 4L
% H, 1994; Santner et al., 2012 ), Zhang %%
(1998) LIKETENY MBS GHER T KIEBE
FRER B AL B 4 DCGT AR (Fe-oxide DGT) , B B
DGT £ AR F T 7K PR B R 5 49 W2 I 20 #r . Menzies
%5 (2005 ) 7 iz B0 AR W B BE I AT 48 B B A K
347 T BF 5%, Monbet 28 (2008 ) 1 Pichette 2§
(2009) F|FHZ B AR R T RAK VTR Y A RS BERK
BRI 5 A5 FORE I FRAE o Stockdale 45 (2008 ) Xf 7K
R g DGT #4778, T8 T /KR BERE DGT
TERMEFERE . 14K, Ding % (2010b) KB T
Zr-oxide DGT, HIE A B It Fe-oxide DGT & 50 %
VLt 56 IR lg % Eit 8 (CID) A, AT £ 2
KRREFBEYBHRN R HELE, HIEREVR

26° 30°
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VB RECE B T A BRI,

TE 7K A 78 22770 4 43 2 T 3 BUR J2 9 7K 3 gk
SRTROK B , UTER A P U5 B R R W] BB X K A B
BHRMEEFRCEEEL N ERZNR W, FLHHN
PR TR R X K ARl R R B SRR o T AN IR B
A ( S¢ndergaard et al., 2003; Burger et al., 2007;
Ozkundakci et al.,2011) , 2= 3035 B ML R {25 T I
KBS — 5 M LD e B S X &, B A Zr-oxide
DGT EARJ AR B XTI labile P IF &R AL
oy BERPEST, LAVETR £l B A0 R DT ARy o TR B R A
WE, HEIE N TR JR BR AR F R

1 AR A7 ik

1.1 HFREHR

LT AL 3% M R R R ER TR BT LB R
TP FH XN, AR A R4 106°19' ~106°28', Jb
5 26°26' ~26°35", IH K 16 km, EHFEREE 4 km,
BRAKBRE 45 m, F ¥ K E 105 m, 7 8@ H
1596 km®, /K & @& 57.2 km®, TE A B W R AE
BRERW EEW B REW . . ZE/ME(HEILS,
2010) . ZLARA R 57 BH T % JA) i b X 26 B2 A9 AR P K
Tash , FEE AR BB R DR AR A AES
WIREYIEE . WIEW XA I KIRE AN IE S #
Wi S AR AE , AR SCRE B 5 SRR WX, BpdL R (17,
KL 18 m) (RHL(2*, KL 23 m) JEH (3", K
T4 6 m) B (4", KIEL 11 m) EBW (5", K
B S5 m) FFRUTRY BT 28 A A RERTR (B 1),
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Fig.1 Sampling sites in the Hongfeng Lake
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1.2 HRRESHFH

AR IR KRR E (FEF, 2011) R
KUIBRPHE L, REWEOF Y KO E R
KRS AXCRAW DCT B HFER#E
WP 5 IH P S BT R AL, B DT R B (& 2) 1
ATURY-K R EM G, P4 24 h JFEUE DCT £ &,
EBRIBIR , B Zr-oxide B @ EHITHBEEBEE, B
@R E K 35C, it 84 45 min ( Ding et al., 2012,
2013),

\ %

N

D3
2 T T S *

B 2 DGT 3% & 4+ JR # &
Fig.2 Schematic view of the DGT device

1.3 DGTiREItHE

1.3.1 FKIRKBEAE Zr-oxide R E R S5 KE
ERIRE R KRBT EWT K Zr-oxide YT 1. 5
xL.5cem’ J5, 2 % m A B KRR %KE (007 ~
1.43 mg/L)&FR R 50 mL MBI+ P4 2 b, W
18 Zr-oxide B AR JE A FIE B BB WK E 2L £
8, B0 A Zr-oxide 5 MR Mff 8% & ; 0 W Mt V45 1Y Zr-
oxide i B 68 J5 #4713 1 18 B & Wk B X RL K BE L B
IR E-RERERLR.

1.3.2 KRE-RE#B Zroxide BEEHME,H
BETAEA#ELSHBEBREELHEK2 cn 5
REVLRY S om X3, A Imagell. 46 4% B
HEATAL R K F B AR PR 169%169 pm
KEHRE. FIACAE MR RRE S K EX RN MR
HERLR (X 1), K15 B 80K B 588 B 40 O B2 T AR
LR BEE M, (pg/em®) , #E— 2518 BIAE B4 34
BT Zr-oxide JE B B E M(pg) (X 2). B

F@E: AR EBEIRERARB TR IER

&, MA DCT A= (R 3) HHFH IR IE ok E
CDGT(mg/L)O

Grayscale = 87.125In(M,) + 197.39 (1)

K H: Grayscale Jy EGKBEME , M, fy B { T R B %
M RBE (pg/em’)

M =M, xA (2)

K. M BN HHEERERT Zr-oxide B B B
B AN AHRTENER(cm®),

_ MAg  M,Ag

C = —= = 3
PeT T DAt Dt 3

R Cooy RULTRYTEEBRIR B, Ag N BB R
(em),D HBEWY M EE (ecm’/s) ( Zhang et al.,
1998) ,A AERL A B T T (om®) 0 HyHCE B
B (s)o

WRiE ERITBRBE K Zr-oxide B Cper, AT
i Origin8. 6 1F B %K {4 i 1 & 43 B¥ 2 labile P (%K
B o 4
1.4 MARYHERERTH

FLBRK F R 8T AT AR B ) LR B
HTBHNBYTREAETAD T EBEHAR
(Zhang et al., 1998) , X 57E8 HJ7 M _EIIRY-K
REZTBERAMPTRERXRARX, FE LYY
R F,[mg/(em’ + s) JATRFRN:

aC
F, = ¢ —Da—Z+Uc+UscS] (4)

X0 BEBUIRYILBE (0<p<1); Z BEH
PEE AR AR (Z=0) m T MAIE; C BFLIK
KB W E (mg/em’ ); Cs 2 B k8 %K F
(mg/em®) ; D RALBKBRT MEL; U RREL
TERL A FLBR K 8 T MBI B 2. (em/s) ; Us B A
AR AR L AR 18] T X IR A9 Z (em/s) o
FRBREVARYRE LMY RBEIGEE,
— i T 2 B FL R K A0 T AR 4 ) R X 3 BT 4 2R R
B XN BECGERENS F A fLB K ESE
dC/dz FXR(FERF%, 2002) , Y BEK D HAH
RAETF W D, %3k (Seiki et al., 1989) ,D, HIETLR
BEBEAXGETREBREBREXVWERY BREK
(em’/s) , ¥t HPOL B F3k#h,D,=7.0x10 °cm’/s,
FRARBUIRYWESHBEF f=1/¢",m HIEH
HF, Y =070 m=2.5~3;Y ¢<0.7ff m=2
(VERUHT 5, 2002)
o AREUTUIRY L.
¢ = % (7)

XM, AURPHELRZES cm BE, 0 HFK
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0.92 mg/L.0.24 ~ 0. 83 mg/L.0.22 ~0.77 mg/L,
& AUIRY-KF T 1 cm &b labile P ¥ B M K F /)
IR 7. K3 (0.407 mg/L)>F B (0.391 mg/L)
>EF.(0.311 mg/L) >E i & (0. 304 mg/L) >t
F1(0.237 mg/L) , RBLT AHES (A FEA . Tk
BEKHER % ) 38 B Xof S [ 80 X UT B M B 15 e K F- Y
-7

MERZRKTERE,5FHILRY labile P 3K
BERERTHRHAVNR, XERMAKMP R K, HE
59 ep B A AL B P AB VTR labile P IR E R K. ME
W4T A R E, LR BT Y labile P ¥k EHPERE
W8, (55 B X UL labile P ¥R B AR ETF
EEF, Flan, dL# F (1°) labile P % PR Y
25 mm 43X F 0.53 mg/L, 5 H (3") M EFHY
15 mm JALIXBIZLMAE, T EE W (5°) ERBYREZ
BRSX BN ZAE ; JL B P (1°) labile P BAE A RY
50 mm &b, & 0.66 mg/L, J§ H (3*) LAY
24 mm b BXME, BT Y) labile P 5 BB & X
0. 88 mg/L,

EAMEXRETIRY 3~5 cm labile P YR EH,
XARES B4 00 FRAMEMBERAF X, W
HENREMABREEEFRIATRY, SRR
Y1 BRI FLBRIK labile P ¥k BE T+, T 1999 4F £1 R,
MATFAEHEZEIE, BAMERAEXE 1~3 em I
Y labile P XH TR, £EFMREHNEE
AT, 55 5 WK R TR B8 19 35 Ye K
PLFE BT B B T A& 7= K BB AR W
ERBREREFEFEEMIIRY T labile P IKE R
MEBRE, RHELIEH P 5N FIH,HE
RMELHE—-B O, X-WMXABYHTEZE
TEMELEIMNRA. ZXELSB KRR KM
K, AW ERER, IXREREEXR, AR
MHRERB, FBAIMREW LEKSHEY
labile P ¥k B B4 . & F 4R & A AL A 348
2.2 REARYF labile P REHZEASHARY—

PLRHL(2") R B, 7E B 3 PERBUN R B UL
Y& , S M HAE K J7 9] b labile P 4y 7 #¢1E ( B
4), B 4 AT, KT H M 3.5~6.0 mm 7§
A, ML YR 46.5 mm &b labile P 3k & M
0.80 mg/L FE{EZE 0.38 mg/L; ZE/KF K] 6.0~
9.0 mm L E N ,labile P ¥ X FFZE 0.80 mg/L,
XRBFLWBTIRY) labile P ¥R BEANEEKRE
FHREBRKER IFEETZARKE EHAFERK
57, UULFY) labile P £ B E = B 20 fi A 5 —

FREE: FRAERY B8R EEAGEOIRBRRYRERER

—=— 46.5mm

DRP¥ ¥/ (mg/L)

0.45

0 0.3 0.6 0.9 1.2
KB E/em

B4 RIMRBEATRYARRBRE labile P ¥R E D7

Fig.4 Labile P concentrations in sediments

with different depths in the Daba site

WORBRT AR ETZERRE LY RAR. &
WHAYEDFTENR RN, AREH, wmAeY
IR — F0 R E ) X 3 E A VLY B A R A T AR
RIBVAIBRYALEsHEEHNFETREER
( Widerlund and Davison,2007 ; Stockdale et al.,2009;
Ding et al.,2013) . MIBRYBERN T B R EEEED
AHPFR PN B IE (Ding et al., 2013) , KTE
TIARY) 8 R BE A ) b 3R 4 2 18 36 i 78 5 WL 1 BF %
R G EEMR .

2.3 Y labile P [ L WABRHER

DGT #E A —MEAL M AR, mIR TSGR
W 43R B X R S S AR TR IR O M , T 35 S % I LR
Yy labile P ¥R EAEMRE L W27, HF BEM 2
PR YK RE A BY TR G B TR Y B R R
&, ERHEBRORBTIAY- KA E labile P ¥ E
RIS AR AR B, W EF K4S B (4% 120 X
HRE)EVMEXARY KRR ag M, #1577
ERME, ERELEK 2.

HE2AH,EHWXES 5 om FRYBERK
BEEFRBER,EPRMEEHPRERERRE K.
AREE(203)MBEGEHRETE(REXE
5 cm BESR,AREEIRE 2 om) HHEE B =k E XTI
VIR BHCEEN 0.15~2.47 mg/(m” - a) ; BEE
2(2005) R4 30 e LRI L, 2 cm 8( 5 cm
B EBBEL W VB RHE RN 950 mg/
(m® - a), LWBTRYBHBERLE 118~226 mg/
(m® - a) , H{HR 165 mg/(m® - a) o BULIRYISHE
FENENBERICGEENERZRIREHRMAB K,
BEZoBESEMERESM. S DCT ik,
PAMER IR BRUT 4 labile P ¥R BE AR, AT SE MG 4
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£2 XES mm ARYBRHERSAERRTEER

Table 2 P flux and the total amount in surface sediments(5 mm ) with different m values

Je# XM =5 e E=%0) Mg
@ 0.758 0.928 0.767 0.871 0.825
m=2 4.95%1071° 8.32x107"° 9.46x1071° 1.75x107° 2.90x10°
Fo/(mg/em® «s) m=2.5 4.31x1071° 8.01x107" 8.28x1071 1.63x10"° 2.63x107°
m=3 3.75x107%° 7.72x107% 7.25x107 1.52x10°° 2.39x107°
m=2 733 742 843 3099 2582 7999
M, kg m=2.5 638 715 738 2891 2345 7327
m=3 556 689 647 2698 2130 6270

E:om ARBEEF, A THEIRYNESEHEE T,

HEEARYBNBECER. TESERER, LR
W H 2% labile P M BRALE7E 6270~7999 kg,

LRI KR BB W EE 492 0. 025 mg/L,
KER 57.2 km®, FH KB 10.5 m, H ik, 20 HR#
KEBEE R AN 15 000 kg, % BB LB T MK,
LTI AR BB AT 20 0 28 t, IRIEHH B RBRIUT
Y BEHE (6270~7999 kg) ,FIFMAMME RN E
MUY B RME & 2K &S8R 22% ~
28% . FH LTI L, £1 4R 33 U1 R 9 Bl R R K iR B Y
HERFE. FONMEBERABHBRIBRS, MER
VIRRY N IRBS R, TR IT Z AR AERTS
PEEE B

3 i

(1) A DT HARMHKE T MM 5 MU%
P X GLFR 4 labile P ¥ BE 169 B0 L 5 43 B 3R 25 )
S REE . JE R UTAY) labile P W 8 35 8 T At
BAIX, 3 B AR K U X K 22, B A AR ER AL
FRULERY) labile P ¥k E &K, MNEM S HRE, T
Y labile P ¥R BE X BEVR BN A5, (B&H X
ULERY) labile P IR EM EHFAERBER,

(2) LM BT labile P ¥k BE 47 76 B JE I &5
BOHRAE %, ANEERRE EHFERKE
5, BMEAE 7 2 KK VIR 77 76 B 8 2 4, R i 98 U0
R AORBE A= W BR AL 2 1B 3R 1 AR S UL B 9T o

(3) L0 WA B 2 /K 43 2 A DU AR W 1) | K A
BERELE O 6270~7999 kg, & 2K A S8R 22%
~28% , RAWBKEBEMEERE, FAWHEE
FEALBT A R B EE L,
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