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Vertical Distribution of Heavy Metals in Sediments of Qinhe River
and Its Risk Assessment’
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[W In order to investigate the heavy metal sediments of Qinhe River, we analyzed the vertical distribution pattern of 22
sampling points in 5 counties combined with the actual environment factors of Qinhe River. The environmental risk assessment
was conducted by using sediment quality guidelines and potential ecological risk index. The underlying sources of heavy
metals were analyzed by sediment enrichment factor. The results showed that the Pb and Cu pollution might have occurred
in the middle and lower Qinhe River, and then gradually eased. In addition, continuous Cr and Cd pollution sources probably
existed in Qinshui County. The SQG analysis indicated that Cu, Zn and Cr in Qinhe River were of moderate ecological toxicity,
which might result in negative effects on biota of the watersheds. Moreover, high Cd content in Qinshui County had huge toxic
threats to aquatic organisms. Compared with the soil background values of Shanxi, the potential ecological risk of heavy metals
was as Cd>Pb>Cu>Zn>Cr>Mn, with the Qinshui County the most seriously polluted. The results were similar with that of SQG.
According to the sediment enrichment factor, heavy metal enrichment was observed for more than 60% of sampling points. As
the point source pollutants of S11 and S13, Cd might be mainly from the constant drain outlets. Fig 3, Tab 8, Ref 33
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Fig. 1 Location of sampling sites in the Qinhe River
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Table 1 The numbering of sampling sites
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Table 2 Recommended values for heavy metal concentrations in sediments (w/mg kg™)

TiH Item Mn Zn Cu Pb Cd Cr
TR ER TR 5 4 JE t = 15 3¢ {6 Pre-industrial highest recommended value of the whole world — 175 50 70 1 90
117548 131 58 Recommended value of Shanxi 532 635 229 147 0.102 553
F1E 2B Toxicity coefficient 1 1 5 5 30 2

R AMMELEESE (wmgkg)

Table 3 Concentrations of heavy metals (w/mg kg')

KAEWTTHIZN 5 No. VRJE Depth (9/cm) Mn Zn Cu Pb cd Cr
0-10 240.96+29.15 56.084+0.95 19.54+1.63 26.58+2.98 - 31.62+2.04
S1 10-20 300.54£22.26 86.45+5.01 17.79£0.36 21.08+2.06 - 19.54+1.20
20-30 258.42+36.12 16.75+1.30 10.63+1.25 18.54+1.43 1.33£0.12 22.004+0.94
0-10 298.99+24.76 44.20+1.62 10.504+0.43 37.75+3.84 - 33.20+1.58
S2 10-20 238.08+28.22 51.20+5.84 14.46£0.69 27.71+2.76 - 33.04+2.96
20-30 209.46+8.30 72.45+1.17 10.04+1.07 31.83+2.98 - 31.83+3.75
0-10 265.834+27.82 60.70+6.28 17.42+0.60 27.83+1.81 - 28.08+2.25
S3 10-20 173.00+13.58 5.5440.68 18.54+1.71 20.334+0.90 - 41.70+3.63
20-30 158.54+16.32 83.87+5.99 17.9240.57 6.5440.37 - 33.95+1.63
0-10 100.87+6.75 135.16+18.57 18.50+1.34 32.75+1.45 - 33.454+2.39
S4 10-20 49.17+2.73 54.45+4.34 19.13+1.37 14.83+1.04 - 20.79+0.44
20-30 79.83+3.56 60.33+4.57 15.71£1.59 10.46+0.66 - 6.12+0.46
SRR (M) 0-10 226.66+22.12 74.03+6.85 16.49+£1.00 31.234£2.52 - 31.59+2.06
G Q) 10-20 190.20+16.69 61.91+3.96 17.48+1.03 20.99+1.69 - 28.77+2.05
20-30 176.56+£16.07 58.35+3.25 12.86+1.12 16.84+1.36 0.33+0.03 23.48+1369
0-10 455.25+53.39 113.54+4.37 8.46+0.13 43.25+3.38 5.08+0.31 10.41£0.76
S5 10-20 264.504+24.80 47.41£3.19 5.2940.48 32.83%1.76 1.96+0.18 3.914+0.46
20-30 405.29+32.14 31.75+1.31 13.75+0.34 20.67£1.19 3.71£0.28 3.16£0.37
0-10 582.62+31.08 201.124+3.29 23.38+1.44 41.29+4.45 - 20.70+2.04
S6 10-20 698.62+25.43 174.54%+1.56 19.38+1.52 29.54+1.54 - 20.62+1.00
20-30 142.754+16.55 18.5440.89 22.92+0.89 11.504+0.73 - 9.454+0.18
0-10 534.67£31.41 106.16+11.13 23.54+1.16 52.25+6.36 - 32.04+2.61
S7 10-20 635.25+40.64 67.29+7.94 21.50+1.02 40.29+4.63 - 18.91+1.32
20-30 417.754£29.35 86.411+8.89 23.254+2.45 95.29+4.57 - 19.374+0.56
0-10 639.08+61.98 222.16+16.87 19.83+1.36 32.79+1.52 6.58+0.57 11.16+0.70
S8 10-20 230.794+19.20 149.54+7.09 21.58+1.79 17.79+£1.54 - 8.04+0.33
20-30 213.50+20.27 101.37+4.54 23.13+0.33 70.00+8.10 - 19.50£0.23
0-10 456.67+19.85 140.164+0.92 20.63+2.62 17.87+1.32 - 29.83+2.51
S9 10-20 240.83+19.55 136.50+£9.28 13.294+1.72 32.42+1.65 - 19.5440.89
20-30 175.79+12.10 112.2946.75 24.83+2.68 99.62+7.30 - 2.75+0.29
2R A (D) 0-10 533.66+39.54 156.63+7.31 19.174+1.33 37.49+3.40 2.33£0.27 20.83+1.72
gt (i ) 10-20 414.00+25.92 115.06+5.81 16.214+1.30 30.57£2.22 0.39£0.03 14.20£0.80
20-30 271.02+22.08 70.07+4.47 21.58+1.33 59.42+4.37 0.7440.05 10.85+0.32
0-10 506.29+44.70 222.50+4.39 18.79+1.79 57.17+1.84 - 54.164+2.76
S10 10-20 86.96+9.24 129.12+1.19 19.75+£2.27 37.25+2.43 6.92+0.12 70.54+6.28
20-30 194.374+20.44 104.00£6.93 25.13+2.66 87.67+1.19 2.3340.10 60.54+4.33
0-10 434.67+12.23 189.00+11.17 18.00+1.35 37.83+1.73 5.42+0.48 59.66+3.55
S11 10-20 285.25+21.54 178.58+4.04 18.75£1.40 55.334+6.05 1.88+0.03 79.12+8.39
20-30 292.37+31.77 125.29+3.41 26.83+2.67 24.00£1.62 6.33+£0.28 86.041+7.02
0-10 440.12+44.81 107.08+12.57 22.50%+2.19 45.92+1.64 0.084+0.00 56.624+3.97
S12 10-20 334.50+35.84 48.37+1.21 20.174+2.56 31.67+1.63 3.42+0.14 62.7943.48
20-30 132.76+13.86 45.50+1.53 21.88+1.21 32.96+3.19 3.174£0.28 92.87+6.95
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SKAEWTIHIZN 5 No. 1% Depth (6/cm) Mn Zn Cu Pb Ccd Cr
0-10 333.87£11.61 128.95+11.97 19.38+2.00 16.17£1.89 12.461+0.35 87.08+2.57
S13 10-20 313.004+30.25 90.91+5.54 20.46+2.55 89.33+8.73 12.71£0.81 95.20£10.37
20-30 66.46£11.36 168.08+16.11 22.54+£1.81 106.6248.70 7.38+0.63 86.871£7.69
0-10 246.961+6.84 237.54£11.28 26.54+1.43 30.83£3.50 - 76.95+1.13
S14 - - - - - -
Wk B D 0-10 392.38+23.83 177.01£10.27 21.04+£1.39 37.58+2.12 3.59£0.20 66.89+£2.79
i i) 10-20 254.93+17.46 111.754+2.99 19.78+2.19 55.4013.36 6.231+0.27 76.91£7.10
20-30 171.494+19.35 110.724+6.99 24.10£2.08 62.81£3.67 4.80£0.25 81.58+6.49
0-10 278.42+15.19 129.58+14.02  28.71£2.13 31.25£3.00 2.04+£0.16 61.20+£2.48
S15 10-20 417.46126.82 91.1242.19 25.58+3.02 66.87+4.73 0.63£0.03 34.50%1.13
20-30 655.42+58.15 94.66£8.33 29.50+2.48 84.174+2.88 3.1340.01 26.16£0.76
0-10 375.67+33.57 127.87£10.03 31.25£0.73 20.67+1.09 - 4791%1.17
S16 10-20 433.754+44.27 140.37+3.94 21.33+1.57 30.96+2.85 - 56.75+2.54
20-30 530.21£20.61 104.08+7.97 21.96%1.16 93.37£10.25 - 11.2940.24
0-10 260.37+23.57 99.50+4.88 21.79+1.44 101.174+4.88 - 56.91£5.29
S17 10-20 290.71£30.26 58.58£3.29 26.54£1.70 60.25+3.29 - 53.50£3.90
20-30 458.92+35.95 91.45+8.45 24.38+2.22 93.12£8.45 - 38.584+2.33
0-10 410.67£16.90 203.161+7.20 21.75+1.47 27.01+1.38 - 57.20%5.61
S18 - - - - -
0-10 261.54+7.14 115.5446.32 14.38+0.52 44.96+1.61 1.71£0.09 44.12+3.13
S19 10-20 167.87+12.53 88.75+5.86 13.134+0.81 57.54+1.13 0.544+0.04 19.91£0.81
20-30 252.25+£3.92 55.79+3.47 12.3341.51 67.831+1.66 2.38+0.08 21.33+2.32
SOPHTT D 0-10 317.33£19.27 135.134+8.49 23.58+1.25 45.01£2.39 0.75£0.05 53.47+3.53
s (M) 10-20 327.454+25.37 94.71+3.82 21.65£1.77 53.914+3.00 0.29+0.01 41.17£2.09
20-30 474.20+28.68 86.50£7.05 22.04+1.84 84.62+5.81 1.38£0.02 24.34+1.41
0-10 227.714£3.40 137.29£9.82 7.92+0.42 63.00+5.25 - 30.16+3.92
S20 10-20 210.37£3.63 94.794+4.87 4.75£0.27 80.6718.63 - 4.87£0.35
20-30 90.79£3.91 60.79+7.47 11.92+0.59 62.541+4.75 - 11.9540.46
0-10 243.29+£23.06 128.50+4.18 21.13£2.74 66.17+2.12 - 29.62£1.77
S21 10-20 217.04+5.57 106.12+4.18 12.4240.84 44.00+2.14 - 38.91+1.48
20-30 242.124+20.46 80.62+2.94 20.46+2.02 45.124£2.20 - 24.50£1.67
0-10 262.87£19.81 108.75+4.84 6.50+0.77 84.29+1.72 - 20.83+1.45
S22 10-20 182.461+20.28 53.87+4.77 19.25+1.87 89.25+1.99 - 24.58+3.22
20-30 208.25+5.16 103.95£6.07 1579+1.72 96.58+5.47 - 24.54+2.19
= 0-10 244.62+15.42 124.85+6.28 11.85+1.31 71.15£3.03 - 26.871+1.45
ﬁwﬁfzi iﬁgi:) 10-20 203.29+11.82 84.931+4.60 12.14+0.99 71.31+4.25 - 22.7941.68
20-30 180.3949.84 81.79£5.49 16.06+0.84 68.08+4.14 - 20.33+1.44

R SR T TT S 14 NS 18 H T4 25 J5R PRI K R SR AR TN PR AR IERE R LASR, HoaR “=7 ROARAKHHBUC TR R
“-” indicates not detected or below detection limit except that for S14 and S18 we did not sample from the middle and deep layers of the river due to geographical
reasons

=4 ORISR HIMER T

Table 4 Environmental factors of the five counties in the Qinhe River basin

B B I T " e
County Width (b/m) Depth (6/m) Flow speed (vm s™) p Electrical conductivity (o/uS cm™)

EE: Qinyuan 9.7+4.4 0.24+0.1 0.35+0.21 7.45+0.08 426.5+125.1

ZPFE Anze 22.7+£9.7 0.38+0.1 0.33+0.09 7.49+0.09 396.6+25.4

#7KE: Qinshui 50.8+16.6 0.72+0.4 0.16+0.12 7.83+0.38 373.3£20.7

JLPFHTE Qinyang 29.2£12.3 0.42+0.1 0.29+0.13 7.30+0.85 863.8+39.1

S 2 Wuzhi 27.7+18.6 0.60+0.1 0.12+0.07 7.37+0.49 1125.24213.4

Ifl, RZVOHYE B T200 mg/kg, W S51EE . Ak, W0 PORUEA AN, CATEIl W& Bl & i 22 AR K, 7ERHS

IKEL PR AR R Zo 5 BB R, AR A DL SR B A5 A %) Znfif i ML
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ek T RE SR, WA LA, AR TRk AR
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BT EE A B 5, POt 5y 77 46 TR U, AR )2 DLAR X
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Fig. 2 The vertical distribution of 6 heavy metals in the Qinhe River
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Table 5 LE-L and SE-L values of Sediment Quality Guidelines

TiH Item Mn Zn Cu Pb Cd Cr
LE-L - 120 16 31 0.6 26
SE-L - 820 110 250 10 110
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Fig. 3 Heavy metal concentration in surface sediments and its biological effect limits in the Qinhe River
6 WRBNAYHTESEBRBEESNERE (E) MEBEESKKRIER RD
Table 6 Ecological risk factor (£,) and index (RI) of heavy metals in surface sediments of the Qinhe River
£ (1) County E/'-Mn E'-Zn E/-Cu E/-Pb E'-Cd E'-Cr RI
JOYEE: Qinyuan 0.43 1.17 3.60 10.62 0.00 1.14 17.0
ZPEE Anze 1.01 2.47 4.18 12.75 685.86 0.75 707.0
W7KE: Qinshui 0.74 2.79 4.59 12.79 1056.5 2.4 1079.8
JLFHTH Qinyang 0.60 2.13 5.15 15.31 220.58 1.93 245.7
B Wuzhi 0.46 1.96 2.59 24.20 0.00 0.97 30.2
“F15{H Mean 0.67 2.16 4.17 14.57 446.1 1.50 469.1
KT IAATIESRERARN
Table 7 Sediment enrichment factor of heavy metals in the Qinhe River
B (7)) County Zn Cu Pb Cd Cr
ILPEE Qinyuan 1.17 0.72 2.13 0.00 0.57
2ZPEE Anze 2.47 0.84 2.55 22.95 0.38
7KE: Qinshui 2.79 0.92 2.56 35.35 1.21
JLPHTH Qinyang 2.13 1.03 3.06 7.38 0.97
RBEEL Wuzhi 1.97 0.52 4.84 0 0.49
{8 Mean 2.11 0.81 3.03 13.14 0.72

Pb/ZnE 4 ZE =1, Pb/Cr, Zn/Crig 48 R =2, HEAERES,  PER (S11) | EMEIE (S13) BN CdSIRI5 4y, A e i HE S 0
1FIEER13, Cd/Zn, Cd/Cr, CA/PbII R T20, HgE REILIE B HE5 Y.

KFHATTR. 76 B EE b X 45 5 4 JE (1% Pearsontf X4 /3 4115 RPEA 5T A S5 F, I Cd & i O FE i i TR
H, CrAIPbEHL B 3 IEHI G (P<0.05) , HA M S5CARMI. P FHKF (0.2 mg/kg) P U AF RAR 22 2% 06 438 24 Hb To]
AU EFEW, HEWComPLR A TR —i5 J M5 CARF.  FRUTEY A CA B i Ay A B KU B2 A 2 4 e T, Cdis
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