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Abstract: Taking the soil of Jinan as the study object, the authors used software R—2.6.1, semivariance function model and factor
analysis methods to study the characteristics, structures and distribution of elements content, and evaluated soil environment quality.
According to the results achieved, the majority of soil elements in the study area are controlled by natural factors; nevertheless,
indicators like Cd, Hg, Pb, Se, As and pH in urban soils are impacted by human activities significantly, pH values in surface soil
exhibit an increasing trend (alkalization trend) from the periphery to the urban center, and prevailing wind, which drifts in the
downwind direction, also has an impact on the distribution superimposition of heavy metals in surface soils. Influenced by different
time spans and intensities of human activities (mainly industrial pollution), the soil environment quality of Jinan urban area, Licheng
district and Zhanggiu are generally lightly polluted, with local areas moderately or severely polluted by Hg, Cu, Cr, Cd, and the
pattern of the pollution distribution is consistent with the layout of the industrial areas; however, the soil environmental quality of

Changqing and Jiyang are farily good, generally within the warning limits. According to the soil comprehensive environmental
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quality indices, the soil quality becomes gradually worsen in order of Jiyang (0.73), Changqing (0.82), Zhangqiu (0.95), Licheng

(1.03), urban area (1.10).
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Table 1 Geochemical parameter statistics of background and baseline values of soil in Jinan

)L 58(150~200 cm)

#J.: £ HE(0~20 cm)

i L IES
T wnm sme amer 28 B wnw wee anss THOF su osu
As 364 10.1 0.207 93 11.5 1523 10.2 0.218 93 11.2 1.05  0.389
Cd 369 0.107 023 0.083  0.084 1483 0.154 0.232 0.084 0.097 146 0.065
Co 369 12.7 0.185 14.8 134 1491 12.8 0.175 13.6 12.7 1.01  0.534
Cr 357 67.7 0.127 70 60.8 1439 69.7 0.14 66 61 1.04  0.291
Cu 366 251 0.221 245 231 1476 26.0 0.203 224 226 103 0492
F 355 537 0.12 550 507 1459 563 0.109 506 478 1.02 0439
Hg 349 0.019 0.308 0.015 0.044 1382 0.038 0.387 0.019 0.065 195 0.020
Mn 369 589 0.154 551 597 1510 583 0.13 550 583 0.99 0220
Ni 369 29.7 0.162 294 28.6 1473 304 0.151 25.8 269 1.01  0.391
P 368 556 0.163 - - 1496 905 0.202 280 - 1.63 0240
Pb 370 203 0.139 253 24.7 1479 244 0.156 258 26 121 0355
Zn 373 61.6 0.145 714 71.7 1484 69.6 0.137 50 742 112 0224
Se 348 0.10 0.293 0.08 0.25 1457 0.22 0.303 0.13 029 219 0346

1 365 1.78 0.369 - - 1459 1.87 0.265 3.04 376 105 0513
N 373 0.049 0.425 - - 1491 0.102 0.227 0.059 - 2.08 0411
C 367 1.14 0.46 - - 1476 1.69 0.297 - - 148 0370

S 362 147 0.198 - - 1430 233 0.244 - - 1.58 0.165
OrgC 360 0.33 0.58 - - 1489 0.98 0.322 0.54 1.8 297 0446
pH 375 833 0.038 - - 1529 7.95 0.058 7.7 6.7 096 0.560
Si0O, 375 60.64 0.072 - - 1529 60.02 0.062 - - 0.99 0.399
AlO4 374 13.17 0.107 - - 1529 12.76 0.089 1251 1251 097 0.646
TFey04 375 4.66 0.157 - - 1516 4.69 0.139 2.34 42 1.01  0.533
MgO 356 1.76 0.148 - - 1453 1.77 0.141 1.33 129 101 0397
CaO 365 4.53 0.41 - - 1503 4.50 0.386 2.34 215 1.03  0.345
Na,O 369 1.72 0.193 - - 1437 1.68 0.174 2.08 1.37 098 0617
K,0 367 233 0.088 - - 1478 233 0.086 23 224 100 0433

T TRJZ IR B 4375, 02 LIUAHE S B 41529, AR Bk ATHLIR N %, Au sl 107, HARTEE 107,

FrhAE S R BRI B 178 5 2 A
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Table 2 Comparisons of heavy metals in soil between different areas and cities

bRt As Cd Cr Cu Hg Ni Pb Zn Mn F Se CaO pH ikl

D) T X (N =438) 117020 81.2 263 0.161 284 30.6 77.5 555509 0.35 6.44 815 AL

PIYRIX(N=388) 10.7 0.20 849 28.7 0.073 344 26.8 82.6 603 578 0.29 459 798 AL

KX (V=304) 9.1 0.16 67.8 258 0.035309 229 699 561 591 0.19 4.00 7.63 A

Zi(N=422) 102 0.17 77.1 29.2 0.078 32.9 266 70.6 609 574 0.29 413 791 AL

BrRHE(N=277) 116 0.13 652 224 0.033289 239 659 586579 0.17 592 801 A

YN =84) 9.0 0.07 27.8 108 0.104 - 209 590 208 - - - - [8]

KbV =110) 328 690 121.0 51.3 0410 - 894 2760 - - - - - [9]

HEHR(N =168) 132021 795 466 0480 - 508 1286 - - - - - |

#HIHV =20) - 13010421113 - - 257 3642539 - - - - )

BN =20) - 340 633 930 - - 13412829572 - - - - [11]

KIR(N=462) 104 0.15 753 27.1 0088 - 266 812 - - - - - [12]
TN =594) - 218 - 248 - - 934 1480 - - - - -

[1]
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Table 3 Semivariance function model and parameters of surface soil elements

JUF X R Co CotC R alkm®  Cl(CotO)%  HeiE ZEU(R) RSS
As kX BRI 1.73 4.12 16.46 419 0.983 0.0638
ik BRE 1.50 5.59 23.7 26.9 0.968 0.736
E T [0 143 5.87 119.19 244 0.959 0.332
Ky wiln 272 10.44 52.62 26 0.946 1.01
iR 133 5.39 24.54 24.7 0911 0.956
cd X BERE 0.002 0.006 11.7 37.7 0.587 423x10°¢
ik KA 0.036 0.07 8.45 499 0.841 1.11x10*
S B 0001 0.003 81 40.1 0.863 3.04x107
Kit 4550 0.00006  0.001 453 4.6 0.618 3.43x10°*
FrBH B 0.00045  0.0009 31.15 49.9 0.944 1.19x10°%
cr X B 180 4167 10.82 43 0.850 1320660
ik Bk 307 614 7.32 50 0.520 30446
C TR =4 282 1075 146.85 262 0.694 104128
Kig  mln 257 252 272 10.2 0.181 1985
i 18.5 40.59 22.8 45.7 0.959 21.1
Cu X ERM 82 66.09 12.19 124 0.858 294
ik % 21.1 59.17 118.32 357 0.743 175
S BRI 19.7 120 69.13 16.4 0.991 54.8
Kyt 4R% 123 24.69 14.19 50 0.844 8.88
i 3.89 12.32 26 31.6 0.965 2.69
Hg X BRI 0015 0.04 737 50 0.350 2.12x10*
ik 530 0.00055  0.001 40.92 49.1 0.941 1.65x10°*
S M 0143 0.14 33.87 100 0.306 2.12x10°
K3 4R%EC 0.00003  0.0004 495 7.1 0.340 1.04x10°*
VB $8%C 0.00003  0.0002 6.6 17.6 0.663 7.01x10° %
Ni X Bk 9.34 20.03 15.02 46.6 0.943 432
ik BRE 454 91.3 8.13 48.1 0.560 858
S R 623 269 243 23.1 0.537 5550
Kyt 4R% 0.6 46.54 423 13 0.446 63.3
DEB O B 499 16.67 23.36 29.9 0.962 5.53
Pb X B 356 212 12.57 16.8 0.824 3633
ik BRE 22.0 55.63 71 39.5 0915 50
S BRI 18.8 49.63 81 37.8 0.923 36.4
Kit 488 436 8.72 11.67 50 0.899 0.574
DEB B 466 9.36 25.29 49.8 0.978 0.517
Zn X ERAE 594 1966 10.95 302 0.462 1003431
ik R 40.0 398 414 10.1 0.394 11342
C TR P 587 195 68.17 30.1 0.968 270
Kit 485 20 79.89 429 25 0.777 499
DEB B 240 98 252 245 0.973 157
Se liX B 0.005 0.04 12.76 12.9 0.814 1.40x10*
ik f5%C 0.003 0.017 63.45 16.6 0.989 1.59x10°¢
S fREC 0.004 0.013 50.55 285 0.893 8.57x10°¢
Kt B 0.00081  0.002 12.18 497 0.743 1.12x107
Y0 F5%C 0.00008  0.0006 6.66 12.1 0.522 2.44x10°*
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Fig.1 The score map of Factor 1 in surface soil of Jinan
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Table 4 The matrix of soil factor loadings of Jinan

TERAE T

BF1 B2 BF3 BF4

Cd 0.732  -0211 -0.123 -0.074
Cr 0445 0.758  0.009  0.040
Pb 0.721 -0263 -0.074  0.081
Zn 0.733  -0291 -0312 -0.145
Ni 0255 0778 -0345 -0.156
As 0351  0.158  0.558  0.650
Hg 0171 0.070  0.692 -0.676
Se 0.740 -0.061  0.191  0.015
Cu 0.154 0700 0256  0.012
KRR 2.56 1.41 1.06 0.94

TR/ Y% 3194 1765 1329 11.73
B Uik %/% 3194 4959 6288  74.61

i, SEHL A Z 20 T4 T AU Fiiszy)
AL R . T BH BB S IR L i
g, mESE RS IA RE T — 4. Cd.
Pb.Zn 5 Se it A [A]— P+, 10T 68 H A A [\ >k
U5, Se /B MREFE /R TO R, WFFE R BT X ARG
AL T B i 3R S B s 1 Cd & =
(0.84x10 ) FIAL I 1 Se(2.16x10°° ) .Pb(75.8x10™) 75
i, R TR R B0 X LR TR TG Y 2L
KU, MAJmE, B o i X 5 X FE AR

117°Jo0’ 17° Jpo’

1177 00’ 17730’

K2 Frrii )= L3 F2 71550 2 A 14

Fig.2 The score map of Factor 2 in surface soil of Jinan
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Fig.3 The distribution of Hg in surface soil of Jinan

W), JE RAE TG HETS L3N 42 R SR A Al T G
WAEZB

F2 A5 Cr Ni.Cul2 EAHX, \ F2 [HF15453
Sy EI(E 2] LLE oA XS 1 X Al 4
A4 30 L R W), Rl T AR T RN R
DL N PV AR XA o3 dac e, HLIE s T HABBIX . 4y
A TERITFE DR T8 R R 8 e IR B R S U 5 4 B
R R L B ROR G

F3HFALS He B M6, FAR LS As 3%
FASG . VLW Hg R As 5 HABTT R A G822, £
SOk S HAL TR 220 W W, HRIEATRET A
2o MHg TR kAL (& 3)n] WL, T X J A
Kigm o mX S5 NAHEXAY G, & ke
L DX 55 P A0 SR B AR T Ui 52 DX sl by 32 2y 1] — 3,
BT 1 1 2t He (9 KA S s i b 75 i — 25
WFoE. X RZ 3 As & i = {0 X A e )
ShAZ O R B BR DX (P51 4), 5% I 78 3 i 1 DX 3 4
AT TRAR G (BN TREZ R A,

TEBANIFRXN, K2 HIEPHES RS EHE
RN 1o B DXl Ay v ] IO 3 3 s, TG Sy
PR YRR . 228800 i X5 2 Tl X 43 A
W6 o BIFSE XA ZR B (R AT PG LN, T2 Z= AT AR
M, & TR 2 A & oA A 7E— @ u Bl EA T

117°J00’ 117° Jpo’

117 00" 1177 30"

K4 Gra i)z 15 As TR HUER b2 5]

Fig.4 The distribution of As in surface soil of Jinan
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[ AEE T HE 4K
Z=X/C,  (X<C))

Z=1+(X—C)/(Cua—C1)  (Ci1<X=C,pH=6.5)

Z=1+H(X—C)/(Crv—Cr)  (Cr<X=<Cy, 6.5<pH=<
7.5)

Z=2+( X~ Cr)/(Cu—Cra)  (Cra<X=Cy pH=6.5)

Z=22+ (X~ Cuo)/(Cu—Crus) (Cup<X=Cy 6.5<
pH=<7.5)

Z=2HX—Cr)/(Cu—Cre)  (Cue<X=<Cy pH>7.5)

Z=3+X—Cu)/Cu  (X>Cu)
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Table 6 The grading standards of soil comprehensive
environmental quality
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Fig.5 The soil pollution regionalization map of Jinan
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