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1690 mg-kg™ . 1.28%. E?’%m%%az%ﬁj:iﬂwﬁp PR G o BEA B RTRE AT PIAS SO AL W A BEE IR
FERSEIN, WREBEEAL, IKZETERY S TP & & NREM 77%, TN Hl TOC & & RZEN 62%; KIE
A 64.3% R 2 TR %LTEVW%WG , FECONA, RIEEAYLAIE Y, HARAE T BERI K
W5 K FEUURRA E R AR5 Y S AT B A IR s . TR ) AN 2 K AR A 0 1 A R B % 5
HERZVIBRY R RTE.
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Distribution and risk assessment of nutrients in sediments of Human
Reservoir in Wenling City, Zhejiang Province

WAN Yang ZHOU Xiaofeng YE Xiaofan XU Kaiping LIU Limin WANG Wei ™
(Zhejiang Institute of Hydraulics and Estuary (Zhejiang Institute of Marine Planning and Design), Hangzhou, 310017, China)

Abstract Human reservoir is the largest drinking water reservoirs in Wenling City. It was urgent to
investigate systematically the internal pollution of the reservoir in view of the increasing trend of
water eutrophication. The spatial distribution characteristics of nutrient elements and ecological risk
evaluation were carried out by sampling the surface, middle and bottom sediments of the reservoir
and exploring the influencing factors of eutrophication, such as the contents of TP, TN, TOC. The
main eutrophication sources of the reservoir were primarily investigated through the correlation

between nutrient elements. The results showed that the mean concentrations of TP, TN and TOC in
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surface sediment were 516.43 mg-kg™', 1690 mg-kg' and 1.28%, respectively. The nutrients were
mainly enriched near the dam, in the center of the reservoir, and in the two tributaries of Ruanao
village and Hengxi village. The nutrient concentration decreased gradually with the increase of depth.
The TP content in bottom sediments was 77% of that in the surface layer, and TN and TOC contents
were 62% of those in the surface sediments. Additionally, 64.3% of the surface sediments in the
reservoir were seriously polluted by nutrients (especially organic nitrogen), and there was a risk of
possible release. According to the correlation and ratio between nutrients, it was speculated that the
nutrient pollution of sediments in this reservoir was mainly caused by the gradual accumulation of
excreta and debris from aquatic organisms such as zooplankton, phytoplankton and algae on the
surface sediment.

Keywords sediment, eutrophication, distribution characteristics, risk assessment.
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HLTE Y38 BORA HLRHE B0 3 1 25 303k AK I 38 i LR o i R AT 0, & BRUCRR Y 52 . WS e ™
o, A ) R R, PNDRME A5 SR AR T BEAK FE DT AR AR, 38 TR AR 2R B 15 PR R A L
15 YL A8 B BT FE X AT 88.9% 114 I] 3t W 1T T AR W) I 138 3 -vh B V5 4. BAEAMRSE R 3@ 1 TOC, TN,
TP 2[R A E G 2R, HEI0 £ 2k oROAE 9 i i 2 FEL R /K R OB A A AL 1 =B R TR JK PEUT R Rk
MBI IR TG Y E B AIC SR, 3@ 1 oA i SR o0 R i SRR KU TN, X R BE K PR e 4
MRS RG B E A HEMNR T

9018 7 2R 2 IR U T A R A v R T AU K, 2 TR A T DRI JRL S A A B L P L SR A
I VAR X3 A AR R AR, B 20 4305 T B A 16 K U2, TRl B4 G Bt . ETE . SR 78 A5 U 4T
18 K FEAEWT T AR MR 04 T B A, AR SCRAE M 53 8 97 40 30 1) S0 A0 RRAE 5 A S U PE A, — D T LR /K
J RS DOUE WA R 5 | R 3R h a8 ) AR AL AR 25 15 00 — 7 I i % 58 T R A6 9 48 g K R A
2011—2019 4F /K 5T & 35 FR AL AR B AR T8 2 5 5 IR T G SCIBE M  [m] sf A B0 7 3300 1100 7K 2 335 Uit
JIEURAb B 5 I VA LR TR AN A DL SR PR LR PR A i

AT R AR B K FEZR . b ORJZTORY), M E Hrh TP, TN, TOC & &, 43 M s FRI0 R 73 i R ik
JER TR i v 0 25615 G AR 5. A MLTS e 48 ORI BIL A8 BTN /K e TR 1 A6 28 XU 45
G el I 8 FR 00 R Z R AH S AT, 98 E 2SOk A,

1 MBS )7 (Materials and methods)

11 W5 X3 K s A A i

W18 7K 1 (28°30°, 121°407) o7 FH VLA IRIA T, SEZ X 3503 J7 m?, £ /K LN 32.48 km?'¥, JE X
A s LA ok 3, S0 A i LA B M A Mk L 45 AR K R IX RS
KN FELE A R, FERE X, RINPH LA 4 2523 (RERAT . FIRRA . SR KPR | Bods i) Heist B
14 ARFE AT, SRR S B A L 26 BT JE X An & 1 sk 1 s,
1.2 FESCRE R

F 2018 4F 3 H R E R 7= UWITEC AR R VB 45 R 82 UL RE i, B 2R 4R T A B i il i £ 5K
35 % KR SCHR™ SR 3 SR 8 I e PR B IR F il A TR 2 20—40 om, 275 7% S8 (R85 Wl
Fe AR BT ) T ML BORE Jo 2 5K, AR 58 LA 20 em [a] Foks T AR 80 43 R )2 (0—20 ecm) |, )2 (20—
40 cm) A2 (40—60 cm) . K RAE MU AE i & T XT b, A 2—3 om WHZE. TG, FBkE
ACHEAT RIS, SR FH DU 43 v 6 Rl ad 60, 100 H 3806, & FH. TP SR 86U -0 86 BT 70 66 vk (HY
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Fig.1 Location of Human reservoir and sampling site layout
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Table 1 The sampling location in Human reservoir

X2 ZRE(°) ipEC°) JiT I X35,
Sampling site Longitude Latitude Sampling area
DI 28.354350 121.408059 BHER
D2 28.356668 121.409816 BHER
D3 28.352161 121.414641 TR
D4 28.356176 121.420027 IR
D5 28.357241 121.412904 FEIX
D6 28.358084 121.414936 FEIX
D7 28.360416 121.418762 JEL
D8 28.363027 121.420298 £
D9 28.366514 121.419453 L
D10 28.367967 121.418594 JEEX.
D11 28.367172 121.421153 FEIX
DI2 28.368954 121.425226 BEgs A
DI13 28.371008 121.422957 JEEX.
D14 28.372602 121.422118 el plia

1.3 ARSI PP -5 Bdle b BT ik

AR SCRIUAR I ) A5 25 RS PP A S AT PR SR AN 938 B 20 B A2 5 95 e 18 200 AT PLRS E, AL
SR 73 M. o PRI R A 45 i 0 BT 225 IS R 22 A BRI AN BE PR 1992 AR 5 i LAY
PRz iR PPN AR R (3 2), ARG DU i 435 e o TRV A= 1 ) A AT PR RBCR DR 0 o 2 2 4% B
RT3 NGO, L5 T R 80 A HURECRA LRSS BO T AT

ﬁ?/’?ﬁ%*ﬁbﬁ( Si = Ci/Cs
CEATG YRR FF =

S24+52

max

2

HHLAEEL: OPI=TOC(%) xTN(%) %x0.95
HHLAFE S ONI=TN(%) %x0.95
A, C RPN TS IE, C A PFE R F B PEA bR U & 5 S R PE IR B9 PEA 38 BOF 21,

Smax MK IR HE L.
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Table 2 Manual for the sediment assessment

EEIIL. B f?:"xﬁl@ N TN/(mg-kg™") TP/(mg-kg™) TO(mgkg™)
Ecotoxicological toxicity
o il <550 <600 <10
54 550—4800 600—2000 10—100
FETE >4800 >2000 >100

DURER5 15 YRR 0 AR METE UL 35 A LR BORIA HLRAE KOO 730 s o TR L3R 4. AR SCR A
Sufer FAF XS E IR I0 R M 23 Bl 0 AT HEAT 22 18], B SRR A MER ] SPSS #4714

R 3 UUBWZRG TS YRR B S b

Table 3 Standard of comprehensive pollution level in sediments

Ve YU i Y
Poiljlji:o%: Evel Sy St FF (fje
Kz 5 YL <1.0 <05 <1.0 1
RS 1.0—1.5 0.5—1.0 1.0—1.5 2
UGS 1.5—2.0 1.0—1.5 1.5—2.0 3
CNEREE S >2.0 >1.5 >2.0 4
x4 VIBWAYIREA LA bRl
Table 4 Sediment evaluation standards by organic index and organic nitrogen index
BB AR
Assessment standards of OPI
<0.05 0.05—0.20 0.20—0.50 >0.50
Tk BETGY PR g EETGY
HHLETFA AR
Assessment standards of ONI
<0.0033 0.0033—0.066 0.066—0.133 >0.133
Tk RS YL L REEA RS

2 5B 53508 (Results and discussion)

2.1 BFRITRZ NS RHE
2.1.1 TP =3 a4 #i

B K PEX e L IRZ U 0 TP & 8 25 (8] 40 A0 40 i an 18 2 BoR, PR X 3R 2 DA
TP & B 272—785 mg-kg ™', VIl K 516.43 mg-kg ™. H1 & 2(a) /] LLF ), HETIRY T TP &
R ) DX T AR IR | R DX P B BE T R L B A AN S AL, 4y IR R SR AR AT D14,
D7. D12, D1, TP &9k 523, 785, 590, 616 mg-kg ™. N3 5 i, 53 EHAWK FEDURY TP &4
Lt B K FEDTRRY TR Y TP R BE AL T iR, I TR (1150 mgkg ™) . —WesK F (1014 mg-kg ™)™,
W e T T VLA K TRDK 2R (430 mg kg ™) 0 A )2 AR JZ DU TP & 3 Bl 43 51 o 233—710 mg kg™
201—623 mg-kg™', F-HI &N 450.71 mg-kg ™', 359.29 mg-kg. 7ERINFH VT . BETRAT 327 FRE R A S0
b Z RN JZ VTR G TP & i 8y, Horh KA I D14 /9 2 AR Z DU h TP % i 430 il o
363, 266 mg-kg ', BLav A S 2 A Z IR T h TP & & 4301 603, 577 mg-kg™, #ER T E
FURJZ IR Ve TP & &5 3] 663, 572 mg-kg ™. Xf HLI&] 2, ANHE & B E K FETAR I IG TP & & R/ Ny
H: RESHESIKE, XSATAMBIRE R 2 RZE S RZUUBYI TP ¥ 2 8] 43 4 #L
WS AR, PO XS R Z VTR TP S, . IRZUTERIY TP & B s/,
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Fig.2 The spatial distribution of TP in sediments
(a) surface; (b) middle; (¢) bottom

2.1.2 TN WYz (a4 A

3R B KES . B LRZVURY R TN SRR E. K 3(a) 11, #ZDIH
H TN &5 i 1Y 25 8] 50 A1 22 S O W i, TN VR FEJE IR 623—2510 mg-kg ™, PR 1690 mgkg™. 5
IR E ALK PEAR LG (3R 5), TN W BEAL T 45 K7, B TR K (1460 mg-kg™) ™. 5 TN &t fEh
TERINP I . PO S BLav At . BIR A S AL, 4351128 2030, 2070, 2460, 2510 mg-kg ™' 3R 3 A ZEC
(R R R TN 40 5 30 A A 58 45 51— 0. 2 S5 [ P05 AR 4P o oA 2, T L 188 /K 2 3R 2 1
BB o E TS e, I 3(b) AT LAE H, SOOI 2 DR TN & &R, 0 2770 mgkg .
T I FBL AT | B A P S AR W I Z VTR TN & i AR BAIC. X EL &l 3 & 3R, Bl TR B 1) 4
i, IR R TN B 5B B T R
2.13 TOC W= (8] 5 A

WHEKEEZR . L IR ZTURY H TOC iy 25 (B 43 A W&l 4 firzk. 5 TP TN ¥R B2 25 [a] 43 A AL AH AL,
KNP AT . P X A ] S BE 75 A . IR R AL B DALY TOC & m i, B 2 & i 43 B M 1.61%.
1.81%. 1.53%. 1.64%. JiE X F)JZTURYIAYFH TOC &K 1.28%, 530 [ HA /K ZEAH H, 4T rp ok
St AL 4 T DL A Y B R EE BB, DB TR B TOC & & 5L M R R ka3, mT RE Y IR A
SRR A A ) B HE T A e A% % 28 1 R 2 DUR ) v B BR L R ST A0 22 X e (] A T AR 1) TOC &5 i B
AR ] B2, K2 TOC U Z TOC 1Y 43.5%.



12 31 TT A5 W TTAR TR 118 K AR P 8 3R R o AR B R TE A 4397
T_?n
£
3
B3 WHEAKETIREY TN & 8104 8 476 B
()FZE; O E; (OIRZE
Fig.3 The spatial distribution of TN in sediments
(a) surface; (b) middle; (c) bottom
®5 ALK EITB T TR R
Table 5 Concentrations of nutrients in sediments of other reservoir in China
RN R DI o o 0 SCHR IR
Province Reservoir Sediment TN/(mgkg™)  TP/(mg'kg)  TOC/% Reference
WTE Sy IKITIKIE TRz 1710 820 1.56 R
el =y FH K £Z 1500.4 8578 2.69 ESE==
FANIE S FaMoK R 2 1832.6 657.5 32 AR Af gAY
JTRA P Ak K *2 2550 140 0.88 bR A5
i mleEey LK x)2 1209.5 8133 3.03 ERTTES T
(o) R IR x)2 4765.1 946.5 / F AR
) MK E 1611 218 112 2EFEPEAER
IR PEHUK x)Z 3442 1648 1.477 HAEARAEE
Bevi PEALR/ NEDK A 460 170 1.168 HERE AR
L RAK ) KK x)Z 1460 430 1.367 Mot aeo
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Fig.4 The spatial distribution of TOC in sediments
(a) surface; (b) middle; (¢) bottom

ZE bR, W8 K R E T h Y TP, TN, TOC Y7E7E I Wiy 25 (8] 2% S bk, i B o £ & &
BT R, 0 KB AT . BERAT S X . A TR 8, DU P 8 R e R 2 TR,
JRIZUIE T TP & 1 R IZ M 77%, TN Fl TOC R LR FRIZ M 62%. JLAM, A L IR A1 50 75 4
IR AT S XK, 1220 18 3R T R B DT AR W TR B i 38 Jin T e 4R B
22 HBKE PR

275 2.1 T AT EE S, A (O 118 K PR 3R 2 DT AT AR S KBS P, 158, % s K&
KA PRI R RE IR R (1992 4F ) il DT P B 5 BT fe PR P8 B, 20 BT DURR A v i e g 0 RS Ao A= ) s
B SRR . 178 K 2E 79% RO 2T TP ¥ E/NT 600 mg-kg™', X D1, D7, D13 ZbAY TP kK
F 600 mg-kg ', F B K R4 X3, TP (9 AR T T 2800, A M AR, X R )Z
DU TN W R, SR/ R 623 mg-kg !, i {E R 2510 mg-kg ', TN W EEVE A FAE AL & d M
o PR 2% 01 ok BB S FBL I (550—4800 mg-kg ™) . JE IX KB 4y X 4k £ )2 DL ALY TOC 1 &% & A F 10—
100 mg-g ', Bl A B EEMEAL TR /X D3, D4, D5, D6 AL UL TOC /N T 10 mg-g !, A= 74&
BEPEAL T2 905, F LRI UL, W18 /K 2 048 37 00 R 15 Ye R A= WA 0 B ARG AR S PR, 288
KR T R AP

VA 14 b SRR SR 2 DT 25 B 15 e 38 4k, 45 R 3k 6 Fron . R4 VTR Y 25 6515 Y vF 0 b
HEP NG 14 A RAE S RIZUIBR I A BET5 R MZE A5 50k 4 G, FBOB R TS Yo ™ 5. it
Y h R AT T BT AR, 14 DREST A 499 33 AL 290 1 4k 1901 4k 14 2%
FESMIBEEM e BN 4 9L 2 4b 3909 4b . 2 9% 3 Ak, SEE A WIS QIR EL, 5 LR A TE YR b
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BHAHOU 3G 14b, 290 340, 141 4b. X ULIBIE K PERIZVIEYI A 64.3% BYIX 84N T 8 5
FRER T YL, F 28.6% B X IRAL T o BE KR BT Y, 7.1% I KSR A 32 5 0% e, St R, B RIS et
BORNZRA 15 Y6 50, 1B 5 7] LUR LR G 15 G A8 B B2 TN AN 8 B0 i A K, 2 W18 7K e 1)
IR Y BRI T A5 L.

R 6 WNEKERZIFYLG S TE LN

Table 6 Pollution assessment of surface sediments in Human reservoir

TRER TNIFM TR %L TP a5k LA YRR
. . Ay Ay 4
Sampling site Six Cifje Srp g{fje FF G%:;i

D1 3.75 4 1.40 3 3.21 4
D2 2.60 4 1.10 3 2.25 4
D3 1.54 3 0.82 2 1.37 2
D4 1.61 3 1.03 3 1.47 2
D5 1.24 2 0.96 2 1.17 2
D6 0.93 1 0.62 2 0.86 1
D7 3.67 4 1.78 4 3.23 4
D8 2.33 4 1.07 3 2.04 4
D9 1.81 3 1.20 3 1.66 3
D10 2.81 4 1.08 3 241 4
D11 3.30 4 1.20 3 2.82 4
D12 3.09 4 1.34 3 2.69 4
D13 3.61 4 1.65 4 3.16 4
D14 3.03 4 1.19 3 2.61 4
A 2.52 4 1.17 3 2.21 4

FF 5.00

4.00

3.00

25 4% Grade

2.00

St 1.00

PP P TP PSS FPORSPP
Sampling site

B 5 K ERZ TR S A TG YR PP B

Fig.5 The heat map for comprehensive pollution assessment of surface sediments of Human reservoir

B X X TUAR ) v s e A kg 7 A LB RN, R AT A HLER BRI BIL TS B i), d5 R gk 7
JiR. 2 BAAPILESE B PE R HERY, & B KRR Z DU h A LRSS B L R 0.06—0.24, 1
AbF R R TS YK T X R Z TR Y A HLEE BGE R 0.02—0.45, Forb 14% R LT R 95
Yy, 64% NIRBEIS YL, 21% R4y 52 3 b BV .

G UTR Y TR AN | V5 YR B A LR BRI ALR R B0 43 BT, Kk BRI K 2 2R 2 DT RT S
WiAE VAP AR A S B, BEEGON N ARG, A= W8k E 2R IR TR b /s gy, Je R A HLATS Y
B TEEE. A ST R AR R IR R RN DRSS T, DO P ) 0 5 R 1) K v, DT A B 25 |

>
Q\
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AU T K FE TR R pH YLl 5.05—6.08, Hi g al #EWT 075 G4 5, HAFTE RO, Rl fE1E A7k
JE NIRRT G
R OBEKERZVRYA R BAA LA

Table 7 Organic index and organic nitrogen index of surface sediments in Human reservoir

D1 D2 D3 D4 D5 D6 D7

HHLEIEEONI 0.24 0.17 0.10 0.10 0.08 0.06 0.23
A HLAEELOPT 0.39 0.24 0.07 0.08 0.04 0.02 0.42
D8 D9 D10 D11 D12 D13 D14

HHLAEFEEONI 0.15 0.11 0.18 0.21 0.20 0.23 0.19
A HLIEELOPT 0.19 0.14 0.28 0.31 0.30 0.45 0.31

23 V54T

DU 8 F2 o0 R A A M S H B ) - R S A . N V8 ool e ak A P 45 P 2 % U
S, K2 P ) b R A sk R X R A AR TR A B A S e B, SO T S L A T LR C
N. P MAH B C R ARIT G K BB 3R 0 R 15 Yo ) 2R K.
23.1 TOC 5 TP, TN #HM:0Hr

% 8 KI/RMYZE TOC 5 TP, TN BYAHICHE, FTLAE i, TOC 55 TP, TN ¥ # IEASC (R £>0.01). X
VLHUTAR Y C. N, P HARIEYE, H N, P ALK Z. TOC 5 TP, TN BYAH R B4 50N
0.863. 0.955, W] TOC 5 TN A3 B3 A SC . 454 3% 9 TOC. TP, TN MY £ R4k, AT LIS L
AP Y B 350 £ 1Y K B :Y=0.585 TOC+0.563 TP+0.584 TN.

=8 UIEWIH TOC 5 TP, TN B PERERE
Table 8 Correlation matrix between TP, TN and TOC

TOC TP ™N
TOC 1.000
TP 0.863 1.000
N 0.955 0.857 1.000

RO TR EGTRE R

Table 9 Principle component load matrix

Vox [E L uN %
Parameters Coefficient
TOC 0.976
TP 0.940
™ 0.974

232 TOC 5 TP. TN {l 4 #r

22 2.1 50 M, AT AR ORI 3 . R IX ] R Be s i B S B ST R S, AT E
BL5rHT D14, D7, D12, D1 RAE AL E FROCER 9 LUAE, IR H F 25 QL u 2 Mmook il i N/P e aT LA
A, N/P L¥/INT 7, BV XK AR B 38 5 Ak i v 600 v 3 AR X A I, R b, B4 o 1 DX R4k
IR, 0 R R E SR e A SR, C/N EL T R A AL R Y 25 5 B0 i 3 10 AT LLUE
UUBW C/NHI4/NT 10, FR BT 7K b SMIE RN PN IR AT LT A 3k 2P, J& TR IR A HLBTT) D1 4k
f) C/N /T 7, RTHEWT AR TURR Y b B A LT = 2R IR 77 iE sh4); D7, D12, D14 4bE) C/N 434
i LR 7—10, FR A HAT AL 32 2R VR T 7 W AR 4 AsE 2800 XL 3R L L IRZ VTR C/N L, R
Bk D1 Ak, HASRAE S AR 2T CON /N TIRR, X 581 A AR se 45 R — 8.

AN, C/P LT R DL AR H A AL RN Ak & 0 1 43 fif MUEERS. D1 D7, D12, D14 A DR Y
C/P LUAEE Bl 20—27, SREAUTA Y TOC & AR, TP & S AHXT AR, X, ik, BUTERY
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[ C/P 1L, K BLBR D7 4h, HAWE FRICR I QB ™ B AT IX IR, RIZVIRYIE C/P LEX HRZ K, Xl fE 2
S RAESMEA LB IR, Holeass (o0 3R B HL D0 B SR 1R IR = DU e,

£ 10 JLFEYH TN/TP, TOC/TN, TOC/TP H {4
Table 10 The ratio of TN/TP, TOC/TN, TOC/TP

SAL TN/TP TOC/TN TOC/TP
Sampling site E iz 197 ESR TR 195 R TR i)
DI 4.07 3.08 3.83 6.53 6.97 5.80 26.59 21.45 2220
D7 3.13 3.13 2.75 7.37 7.12 8.57 23.08 2228 23.56
DI2 351 2.89 2.53 7.38 7.90 791 25.88 22.80 20.00
D14 3.88 320 2.58 7.92 7.24 7.22 30.75 23.15 26.32

3

2518 (Conclusion )

(1) W8 K FEDTRR Y h Y E SR8 R TP, TN, TOC 73 A AL HESEAS — 2, B7E R | 4 X Pl &

LA A | BB P SCTRAL W B . SRR DR P (9 8 R D0 3R e S ey, A TR JEE A9 3, TP TN,
TOC ¥ 252 TR H, Horp RO 8 1 R T R W T R S W] .

(2) i Z5 5 15 Y B AP EOMA MLA S B i, R ZTURYI P AT 64.3% Y XS4k T

A IR TG YL, 28.6% W X AL b B R AR G Y, LAY IX R 37 5 Y.
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