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Distribution characteristics of pollution from nitrogen, phosphorus, and heavy metals in sediments of Shankou
Lake in Northeast China
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and Civil Engineering, Northeast Agricultural University, Harbin 150030, China; 3.Chinese Research Academy of Environment Sciences,
Beijing 100012, China )

Abstract : The organic index, organic nitrogen content, potential ecological risk index, and geo—accumulation index were used to estimate
nitrogen, phosphorus, and heavy metal pollution in sediments from Shankou Lake, a typical mountain lake in the northeast region of China.
The ecological safety of sediments was also evaluated. The results indicated that the average nutrients in sediments in the wet and dry sea—
sons were 3968 mg kg™ and 5780 mg- kg™ (total nitrogen, TN ), and 1557 mg-kg™ and 1787 mg-kg™' (total phosphorous, TP), respectively.
TN and TP contents in sediments during the wet season were significantly lower than those during the dry season. A high C/N ratio in sedi-

ments in the wet season(average : 20.76) indicated exogenous particulate organic matter was the main source of pollutants. The low C/N ra-
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tio in sediments(average:8.91) in the dry season indicated that algae and aquatic organisms in the water column were the main sources of

pollutants. Nitrogen pollution in sediments from Shankou Lake were at level IV in both the wet and dry seasons, indicating that sediments

were always polluted by organic matter to some degree. High TN and TP contents in sediments were found in the upstream lake fork during

the wet season, and in the main channel and downstream during the dry season. Cd pollution levels in the sediments were relatively high,

while Cu, Ni, As, and Zn were either absent or observed at low levels. Heavy metals in sediments in the dry season posed ahigh ecological

risk, while those in the wet season presented an even higher ecological risk.

Keywords: sediment; nitrogen; phosphorus; heavy metal; ecological risk
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Figure 1 Sampling sites in Shankou Lake
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Table 1 The evaluation standards of organic index and organic

nitrogen index in sediments!"’"®

R Org—Index Org—N/% i
I <0.05 <0.003 3 T
I [0.05~0.20)  0.003 3~0.066 B
m [0.20~0.50) 0.066~0.133 T
\Y =0.50 >0.133 BHLIE Y
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Table 2 Reference value(C: ) and toxic coefficient( 7T} )

for heavy metals in sediments®®

i H Cd Pb Cu Zn Cr Ni As
Ci/mg-kg? 004 1052 1436 6728 58.60 21.24 730
T: 30 5 5 1 2 5 2
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Table 3 The contents and distribution of nitrogen and phosphorus in sediments of Shankou Lake

sy 2014 46 A 2014 410 A
TN/mg kg™ (IN/TN )/% TP/mg-kg™ (TP/TP)/% TN/mg-kg™ (IN/TN )/% TP/mg-kg™ (TP/TP )/%
1 4304 7.35 677 38.60 6198 7.48 3928 88.27
2 4582 7.90 856 69.61 7692 8.05 3203 78.56
3 4595 9.65 2644 72.72 6564 343 1711 69.62
4 4709 8.73 2091 69.07 5284 5.59 2076 82.22
5 4756 9.35 4261 89.19 6165 4.95 1654 71.23
6 5190 7.88 1232 41.37 7226 9.18 2242 78.89
7 2210 13.78 1429 29.23 6722 3.62 893 38.84
8 4219 10.06 1596 55.75 3048 2.51 818 40.57
9 3038 10.17 1464 60.43 6228 2.81 1505 66.24
10 3156 6.40 1005 32.46 6505 6.69 1284 62.54
11 3208 6.44 1106 55.61 5065 7.00 1668 39.57
12 4140 11.27 1347 61.55 5255 7.24 1612 53.51
13 3605 6.97 1148 31.10 5082 6.37 1117 62.87
14 3840 4.46 949 46.27 3890 10.66 1307 83.82
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Figure 2 The contents and distribution of organic matter(TOC) in

Shankou Lake sediments at different seasons
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kg™ F1 1557 mg-kg™ LA_F 94347 DX 35843 531 i F 5 DX 358,
i) 60.20% F1 38.20% , = B4 W 7E pg AL T IA X+
AT SUAGH T A AT S T Ak B T 011 Ak
FKHATTRY) TN TP & 543 BIAEF- B E LU T (19 5 A

Table 4 The organic indexes and organic nitrogen concentrations in Shankou Lake sediments at different seasons

®4 ARKBLOBRRYENIEHRENESE

X 345531 5 AR X A8 ) 39.80%F11 61.80%, A7k BHTIT
U TN TP 5 243 HIAEF-H4{H 5780 mg-kg™ 1 1787
mg kg™ DL 43 A X8 430 o i 5 X3 60.07%
H136.91% , =G e InT3E ST I A KT

FKi 7K

SAL AR AU frbipen  FOEBC AU ABUBRIUR AW o, HOUREC ATHLA

5350% 28U% " &394 37 S350/% 50% " =31 371
1 4.27 0.40 1.70 \% v 3.62 0.57 2.08 v v
2 3.92 0.42 1.66 v v 4.50 0.71 3.19 v v
3 7.10 0.42 2.95 v v 5.34 0.63 3.38 v v
4 7.51 0.43 3.23 v v 5.14 0.50 2.56 v v
5 8.61 0.43 3.71 I\% I\% 5.38 0.59 3.15 v v
6 7.01 0.48 3.35 I\% I\% 6.51 0.66 4.27 v v
7 9.80 0.19 1.87 v \% 6.04 0.65 391 v v
8 8.74 0.38 3.32 \% \% 3.90 0.30 1.16 v v
9 942 0.27 2.57 \% \% 6.29 0.61 3.81 v v
10 8.67 0.30 2.56 I\% I\% 5.48 0.61 3.32 v I\%
11 8.29 0.30 2.49 I\% I\% 3.91 0.47 1.84 v I\%
12 7.74 0.37 2.84 v v 4.02 0.49 1.96 v v
13 7.79 0.34 2.61 v v 5.15 0.48 2.45 v v
14 7.46 0.37 2.73 I\% I\% 4.55 0.35 1.58 v v

m K TN/mg- kg™

.High:S 189.73
Low:1 594.79

M7k TN/mg- kg™
[ | High:7 691.78
Low:3 048.31

/K] TP/mg kg™
W High:4 260.57
Low:676.63

A7k TP/mg - kg™
- High:3 927.98
Low:818.074

B 3 W O#m Y TN #1 TP RE/KEA == 84 7

Figure 3 The spatial distribution of TN and TP in Shankou Lake sediments at different seasons
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Table 5 The potential ecological risk indexes of Shankou Lake sediments in 2014

E
AL Cr Ni Cu Zn As cd Pb R
64 10H 6H 104 6H 10H 6H 105 6H 107 64 104 6H 107 64 10 A

1 134 134 414 572 805 652 1.6 080 209 530 797.38 102143 17.13 13.50 83129 1 054.61
2 137 139 554 746 737 857 154 101 407 944 120637 117143 19.19 1636 124544 1215.66
3 157 162 561 714 1139 811 181 072 405 485 129598 1100.00 28.63 14.55 1349.04 1 136.98
4 174 161 686 665 1588 7.1 1.68 059 4.62 4.16 143978 106429 25.62 11.81 1496.19 1 096.22
5 168 157 599 620 907 732 200 072 424 383 111589 107143 38.76 1250 1177.62 1103.56
6 183 148 648 7.0 870 814 155 089 208 675 104229 1107.14 39.89 15.68 1102.83 1 147.18
7 136 134 774 544 1216 662 181 096 260 261 128676 1050.00 40.76 13.01 1353.20 1079.96
8 171 138 723 430 1169 499 178 073 298 201 125400 98571 49.99 11.20 1329.37 1010.32
9 214 L1l 686 453 1117 7.00 146 137 234 224 117330 97857 4737 1291 124465 1007.74
10 165 1.63 446 684 824 866 123 101 194 354 100238 1107.14 5579 1587 107570 1 144.69
11 1.81 156 577 603 913 735 122 1.04 187 261 1060.61 100000 50.60 12.62 1131.01 1 031.21
12 203 187 726 663 1368 795 136 096 269 259 126053 1092.86 49.46 12.85 1337.02 112571
13 223 183 1334 649 1347 749 099 102 238 427 1088.84 118571 49.41 13.74 1170.65 1220.56
14 240 216 792 654 1282 757 172 096 239 342 131361 101429 2455 12.61 136540 1047.55
i 178 156 680 622 1092 739 152 091 288 4.12 116698 1067.86 38.37 13.51 122924 1101.57
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Figure 4 The box plot of geo—accumulation index in Shankou

Lake sediments
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