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Abstract: Reservoir/lake sediments are potential pollutant acceptors and sources of pollution. The Danjiangkou Reservoir, as the
largest drinking water source in China, is the source water area for the Mid-route Project of the South-North Water Diversion. To
illustrate the temporal and spatial changes in the environmental risks of both nutrients and heavy metals in the surface sediments of
Danjiangkou Reservoir, the levels of pH, OM, TP, TN, and six kinds of metal elements during the period 2011-2016 were measured
at five ecological sites. Canadian freshwater sediment quality guidelines for aquatic environments (from the CCME) were used to assess
the potential ecological risks. The results showed that the contents of OM, TP, and TN in the surface sediments were 25.85, 0.57,
and 1.34 g-kg™", respectively, and those of Cr, Mn, Cu, Zn, Cd, and Pb were 57. 96, 521.78, 13.91, 195. 74, 0.37, and 12. 92
mg-kg ™", respectively. The contents of both Zn and Cd were under the corresponding II-level standards of soil environmental quality,
but the contents of the other four heavy metals were lower than their corresponding I-level standards. After water diversion of the Mid-
route Project, the OM, TN, Mn, and Zn contents increased, and the TP and other heavy metal contents displayed downward trends.
Excluding the pH value, the distribution of measured nutrients and heavy metals in the surface sediments of the Danjiangkou Reservoir
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reached the extremely significant level (P <0.01). OM in the sediments was negatively correlated with TN and Pb, but had positive

correlations with the other indicators measured. The results from the potential ecological risk assessment showed that: ®Cd, Cu, and

Pb had no harmful effects on organisms; 2 OM had low ecological risk in most years; 3 the risk of TP was between zero and low

ecological risk; and @Cr, Zn, and TN had low ecological risk in most cases. The K and H sites had higher ecological risk for Cr, Zn,

and TN, thus attention should be paid to those cases. These results illustrate the effects of human activities on nutrients and heavy

metals in surface sediments.

Key words : Danjiangkou Reservoir; surface sediment; nutrients; heavy metal; ecological risk assessment
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EMEEK RO FME ™, Cu, Cr, Pb Fl Mn
TR T A T Sl A L S A
LK R TR TS . IRl UL, PR K PSR
JEUUBRYIT Zn R Cd FEAE—E FREE IO B 42, 5 5
A0 R TS FRIT 100 S TR RS B S R 4 R I
KR AEEB YR P Zn Al Cd AEAE B SEM—5. 5
A kK R LB Cd PR, T i Ak
AT T B, 4% 24 (IR0 T A A K
S HCEA LA Cd A ik G T AE Sk TR
Tl K HEI R Ry B b SR 2475 1
FE 5 S G T A AL, 5 V90 A S
o ARSI PR Ay A28 Ot P B B % i
F. B R AR I Zn 175 AR
5P XY . I R AR AR TR B TG
e ek 4 2 0 2% 2 18 30 7 2 S Zn ik
. R A NI Bk R DR ST
VR RSOk, KU O M AAAETT L T
T VR R BRI K 2R BT R 4 A e e
FRGeit, BT BT | BRI, W
TSR TR R TR Cd & ik
1] 5% - S P 5 A — o, WA AE VT IR AL 3]
W E T WK RV Cd A it fIE T E 5 1308
BT — bR A P EOK RUUR Y D E 4R

£2 2011 ~2016 FATOKERERRY R pHE, EXRNELELRNER

Table 2 Monitoring results of pH, nutrients, and heavy metals in the surface sediments of the Danjiangkou Reservoir during 2011-2016

. R (1) T T
2011-07 2011-10 2012-06 2013-07 2015-01 2015-05 2016-07 /%
pH{E 7.07 ~7.41 7.34 ~7.49 7.17 ~7.26 7.19~7.42 6.94 ~7.46 7.39 ~7.56 7.39 ~7.65 7.37 1.98
OM/g-kg -1 16.62 ~29.81 17.77~31.53  26.37~32.67 21.21~30.95 23.50~28.09 24.08 ~33.25 25.22 ~34.39 25.85 17.56
TP/g-kg’l 0.33 ~0. 68 0.36 ~0.70 0.48 ~0.73 0.34 ~0. 68 0.36 ~0.70 0.36 ~0.70 0.38 ~0.69 0.57 21.67
TN/g-kg’l 0.76 ~1.45 0.80 ~1.52 0.72~1.70 0.98 ~1.57 1.43 ~1.78 0.91 ~1.91 1.12~1.72 1.34 23.49
Cr/mg-kg ™! 46.76 ~55.66  42.7~75.87  45.42~91.65 36.14~59.60 58.84 ~73.98 40.42~72.86 32.54~59.32  57.96 23.08
Mn/mg-kg" 443.96 ~516.45 454.98 ~520.21 498.94 ~522.97 467.06 ~502.50 498.27 ~626.19 500.23 ~675.61 591.43 ~607.00 521.78 33.15
Cu/mg-kg" 10.28 ~15.64  10.03 ~17.42  12.43~20.11 10.05~18.11  11.81 ~20.66  8.65~18.17 8.38~15.5 13.91 23.96
Zn/mg-kg -1 103.09 ~183.45 120.75 ~332.30 156.40 ~245.59 152.31 ~262.22 113.88 ~247.20 113.59 ~370.05 159.22 ~319.21 195.74 34.97
Cd/mg-kg -1 0.29 ~0.45 0.23~0.43 0.32 ~0.50 0.32~0.54 0.24 ~0. 56 0.27 ~0.52 0.24 ~0.52 0.37 25.95
Pb/mg-kg“ 11.13~23.02  11.35~15.87 9.90 ~12.21 9.10 ~20.99 12.18 ~14.54  9.66 ~14.44 10.16 ~11.93 12.92 25.51
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Table 3 Sediment-related background values

gE| OM/g-kg ™' TN/gkg™!  TP/g-kg™! Cd/mg-kg™' Cuw/mg-kg™ Zn/mg-kg™' Cr/mg-kg™' Ph/mg-kg™' Mn/mg-kg™!
TR TS e 28 12.9 / / 0. 064 20.0 62.8 63.3 21.8 560
A -y e () 20.0 / / 0.079 20.7 68.0 57.3 23.5 540
A EK RGBT / / / 0.26 25.6 77.0 68.0 29.2 /
ER S e / / / 0.20 35 100 90 35 /

Cd. Pb, Cu M5 P IRAE RO, Cd RS
fEERBERKNESBICE. LiRSPrRY, X
VL K P X AR gl A 77 Ty X 6.2 U RIRE PR IX.
CEA RSB LB

2.2 FHLIKERZVRY PEFRH L ESE S
K AT AERR AR L

2011 ~2016 4F [A] F}VT. 117K P e IX 6 J2 BT R

HhE SRR K AR S PR AR R UL 2. AR e] AT
OM, TP, TN 1 6 FE 4 J& & & B eI K e A
FiANE. Horp,OM | TP 1 Cd & 87F 2012 4F 6 A%
{HEK, TN f 876 2015 4F 1 A& K, P&
TE 2011 47 ABUE N EKME, Mn & 275 2016 4F 7
Al K, Cr 1 Cu & FE7E 20124 6 H%ﬂ 2015

1 HBUABK A72016 477 A Blis N, Zn St

7E 2015, 4F 5 ﬁikﬂﬁfj( Fﬁ7kjtﬂﬂlﬂ%’z:l:%%f?
2013 4E 10 H}Eﬁ‘*ﬁtzﬁmk F2014. ke 9 ﬁ%ﬂ(
12 APts ﬂyk OM . TN Mn Fl Zi 7£1J5J7J<F;EJ:7’+
%, TR &Ef&iﬁ)ﬁjﬁ%fﬂ7ﬁl‘mﬂ§?ﬁ“
ﬁ%’ a

.--"’
Spealcman ﬁ*ﬁ%%ﬁ%*ﬁﬁﬂ“ TN, Mn Fil Zh

r. 390.893 0. 893 F10. 857, r, > W, =0.714
(n =7), 2011 ~2016 4F 5 3% FTHka% Pb 9 r,
= -0.429, 2011 ~2016 4 & & TRk pH,
OM, TP, Cr, Cu 1 Cd 1 r_ 535124 0. 679, 0. 607 .
0.273.0.071 . 0.071 F10.218, 2011 ~2016 4EA5 4k,
ARE. PRI PHT O R 2 hn s T
P E KA ESR A 157 m 427 3] 170 m, B %
X 302. 5 km® , H:rpofe H AT 26 J1 6T, K3 B
VB DX A 8 77 46 K o 4 0 T (R R TIO T IX 3R 2 DT
R R S 4w & AR A 7 A T R
EK IS B 2R RGN, P PR A, 45 Tk SR
R kA TARKAR AL, i ik $e /K SCE R AR bt 7
BT RIZVIEYE R NE SR S, %57
TP YN TEBAA ST T, KB & W 52 AT
YR k. FHLAKEAE K, WAKE, K
T T DR RS A PR ok A A T O
HEA BRI BEE KL T B K SO IR RE
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HE 2T PR K ERZ DY H) TN & & 17E
PEIK G H PP S aY ThE
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Fig. 2 Annual variations of average contents of nutrients and

Ht/mg kg™

heavy metals in the surface sediments of the Danjiangkou Reservoir
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Fig. 3 Contents of pH, nutrients and heavy metals in the

surface sediments of the Danjiangkou Reservoir

4R I M PR B A ARG R [R]. DU RTAT, B pH
{EAN , PRI UK R 2 DUR) 8 352 56 0 r il o 42 )
FrRAEIX 5 AN A A a5 0] 25 57 2 3k B AR W 3 K P
(P<0.01). pH{f . TP Hl Cu i KAH H BLAE FRAY 1S
R, OM S5 KA H AR SR 8 5067, TN s KAH 81
t%ﬁ%ﬂfa%mmu Cr S5 KA AE 0 s 00T
Zn T RAH H B R 5 02, Pb . Mn T Cd 5 & e 5
,mtﬂﬂf/ﬁﬁm,“u DUt I + PR B i — b
WECY B Zn R0 Cd R PR | BT IR B AV Zn
FCd B W = T 0 A AR S I RIAE T
SRR st A7 A PRI IA] RN 2 ) A G A AL, B
53k 5 R A T 100 B 2 X KA R B B Sk JE T
XA B 32 N R Bl R %ﬁ‘\\fij?ﬁ‘jﬂ(
JEH LR IBOK 1T, ey 57 Ry 0] g X S0P L , 32
NS R L) w7 v N £ s R s AV 0 2 -
JIE DX P T3 AR R . F T4 SR U Ak zﬁzjj
VAT G XA R AR 4 1 S #ﬁﬁu@guas«ﬁ
B2 PR TR 3.
2.4 FHLFDKIERZI A E IR ﬁ%@ﬁ@%
M b
ﬂ(IIIUJ(E?’i‘%):'vVF BRI &E%E ETJ éﬁ
*ﬁa@ﬁ*ﬁﬁ*ﬁ'&ﬂﬁ% 4 Fidc. MRl pHI 14 57
OM . TN Wﬁmmzﬁm%@gi$%Mnmﬁ
Yotk KTk pHRLS TP, Cr. GG BB
ﬁ*&%kﬁ OM 5 TP, Cr. Mn. Cu. znﬂHCd
UEREAE, BT OM 57TP K A B9 4 IR
VLR TG S P A AE VI E R, OM 5 Zn 1 AH G
PN B E; OM 5 TN A1 Pb 8 fi M 56, X nr
REZH OM 5 TN WUt FEAN R T 8. Mn 5
Zn 1 Cd 2 —E W IEAHSCHE, Mn 5 Cr F1 Pb 2
M SEE. Znt5 Cd 2 fa) 50 G 35 Mk IE A 6 56 R

F4 BIOKEREARYTEFRLRESLER Pearson XY
Table 4  Pearson’s correlation coefficient of nutrients and heavy metals in the surface sediments of the Danjiangkou Reservoir
pH oM TP TN Mn Cu Zn Cd Pb
pH 1
OM 0. 125 1
TP -0. 086 0. 325 1
TN 0.116 -0.169 0.204 1
Cr -0.303 0. 064 0.346" 0.201
Mn 0. 488 ** 0.227 0.007 0.544* -0.212 1
Cu -0.247 0.092 0.264 0.214 0.589 " -0.131 1
Zn 0.255 0.350 " -0.084 0. 327 0. 154 0. 280 0.214 1
Cd -0.020 0. 196 0.123 0.234 0. 328 0. 047 0.387 " 0. 740 ** 1
Pb -0.254 -0.120 0.238 -0.063 0. 084 -0.274 0.117 -0.020 0.265 1

1) # IR P<0.05, # * FIR P<0.01 (BUEBKL)
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Fig. 4 Contents and ecological risk assessments of nutrients and heavy metals in the surface sediments of the Danjiangkou Reservoir
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