+ 1% (Soils), 2023, 55(3): 634-646

DOI: 10.13758/j.cnki.tr.2023.03.022
MR, FESCHE, BoRAE, %5 LT 4R R XU 2 T K A P HARBIFST. 33, 2023, 55(3): 634-646.

HRE S B R ER G SR S5 B AR

1 22501 2 . —1 1* >y 3% o, a4
BB, EXE, FERES, ARA, # W, I iF- , O HE, RRHE
(1 B sl KA ERE, Bt 210095; 2 Adbfl R AW TS setle, BRIE 1500305 3 mrgF A KeEYIR S BT T
Bi, BT 6502215 4 VIR AEEEML, RaL 210036)

i E: UAEESE Cr. Pb. Cd. As 1 Hg AETHE LAY, FIFBAGHEIS . AR XU PEAG SRR I IE B A A (RS, TSy
BT T R AT 7S A X A9 G g fl B XUBS: R e 25 AR ARARAE , DB XU AR T T & @ A bn. 45 REW]: IRXE S
J& Cr. Pb. Cd. AsFll Hg 7F 2007—2017 4F-Y V-3 SAHR M8 -0.711. 0.558. 0.006, —0.086 #10.013 mg/(kg-a), H Pb. Cd.
As Fl Hg 7E 2007 4EA1 2017 AESL0F o REm s AR RRRAS . Cr Al As BLEEEUR KU TE 2017 4ERY I/ IME B0 13.307x10°° 1
4.548x10°°, Pb JLEEAREURIKE AR KAE N 1.366, FLZRERER T 1 M9 807 &5 A WA S A7 11.58%, Cr. Pb Al As EAAA X+
Bl 4 R AR RN RHE R F o 2017—2030 4F, Pb JLEEARBURNE 2 LIS, XBEST 1 MXIMEESAAERS HHE, K
BB AE7S A XTI L 4 AR WA T A 0 75 B IXAEER X ;- Cr A As JLEE B0 XU SR S TR E, (B 1 F- A 535 =
T 8.670x 1075 H19.564x10°%, Hrh Cr JLEFUE KR T 20x 1075 A9 X IBB AL T 7E LS I & K FIAL T 5l K A% o J& 321 K 3
As JLEBUBARBER T 10x107° 89 Xz #i 42 HP7E LA DA E N0 RIS & XA R ST 2030 AR XU 1 HAR, Cr A
As BB B BITFHALE] 37.500 mgkg 1 4.167 mg/kg, X AYAFEEIREAGERSHAE T 0.978 ~ 8.122 mg/(kg-a)fl 0.305 ~ 0.747
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Spatio-temporal Prediction and Control Objectives for Health Risk of Soil Heavy Metals

JI Chao', DONG Wenhao', HOU Dawei’, ZHAO Xiaojie', XIE Li', SUN Hua'", BAO Guangjing®", DENG Aiping*

(1 College of Public Administration, Nanjing Agricultural University, Nanjing 210095, China; 2 College of Public
Administration and Law, Northeast Agricultural University, Harbin 150030, China; 3 School of Logistics and Management
Engineering, Yunnan University of Finance and Economics, Kunming 650221, China; 4 Jiangsu Environmental Monitoring
Center, Nanjing 210036, China)

Abstract: With the support of black box theory and the monitoring data of Cr, Pb, Cd, As and Hg in soil, the health risks and their
spatio-temporal distributions in Luhe district of Nanjing City were assessed and predicted by using the health risk assessment
model and inverse distance weight interpolation method, and then the corresponding control objectives were proposed. The results
show that the average annual accumulation rates of Cr, Pb, Cd, As and Hg were —0.711, 0.558, 0.006, —0.086 and 0.013 mg/(kg-a)
with the moderate or high variation of from 2007 to 2017, respectively. The minimum carcinogenic risks of Cr and As for children
were 13.307x107° and 4.548x107° in 2017, respectively. The maximum non-carcinogenic risk of Pb for children was 1.366, and
the sites higher than 1 account for 11.58% of all sites, which indicated Cr, Pb and As are the main health risk characteristic factors.
From 2017 to 2030, the non-carcinogenic risk of Pb shows an upward trend, and the areas higher than 1 are mainly distributed in
the southern area such as Dachang and Changlu streets and the northern area with the core of Jinniuhu street. The children
carcinogenic risks of Cr and As show the downward trend, but their corresponding average values are higher than 8.670x10°% and

9.564x10°%, respectively, and the areas with the children carcinogenic risk higher than 20x107° for Cr are gradually concentrated
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in the surrounding areas of Luhe Economic Development Zone and Industrial Park, while the areas with the children carcinogenic

risk higher than 10x107° for As is gradually concentrated in the northern part including Ma’an street. Based on 2030 carcinogenic

risk control targets, the contents need to be reduced to 37.500 mg/kg for Cr and 4.167 mg/kg for As, and their reduction rates

should be reduced from 0.978 mg/(kg-a) to 8.122 mg/(kg-a) and from 0.305 mg/(kg-a) to 0.747 mg/(kg-a), with the corresponding

mean values of 3.176 mg/(kg-a) and 0.381 mg/(kg-a) respectively. Furthermore, the regions with high Cr reduction rates are

mainly distributed around Luhe Economic Development Zone and the south of Yeshan town, and the regions for As is mainly

distributed in the north, including the west of Zhuzhen town, the north of Yeshan town and the north of Ma’an street.

Key words: Soil heavy metals; Health risk; Black-box theory; Spatio-temporal prediction; Risk management
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Fig. 1 Spatial distribution of research area and sampling sites
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Table 1 Descriptive statistics of heavy metals from soil in 2007 and 2017
BRI 2007 4F 2017 4
Cr Pb Cd As Hg Cr Pb Cd As Hg

F-¥{H (mg/kg) 81.471 26.433 0.138 9.930 0.074 74.352 32.014 0.194 9.071 0.207
T 4 (mg/kg) 79.600 25.500 0.130 10.100 0.049 72.700 26.700 0.140 8.630 0.094
PR (mg/kg) 10.871 4.864 0.063 1.851 0.064 12.885 11.030 0.114 1.990 0.239
i 0.970 1.467 3.508 —0.414 2.849 —0.447 1.393 0.727 0.160 1.697
WA E 0.556 2.750 14.369 0.618 9.791 -1.177 1.692 -1.203 0.628 2.671
e/ ME (mg/kg) 69.400 18.600 0.070 5.820 0.022 49.900  21.800 0.061 4.830 0.021
e K AH (mg/kg) 109.000  40.300 0.390 13.800 0.312 90.700  63.500 0.390 13.500 0.920
A5 5 R 0.133 0.184 0.453 0.186 0.869 0.173 0.344 0.591 0.219 1.153
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Fig. 2 Spatial characteristics of annual accumulation rates of soil heavy metals from 2007 to 2017
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Table 2 Descriptive statistics of health risk assessment of soil heavy metals in 2017

N SRR e[S AN FUE KU (10°)
Cr Pb Cd As Hg Gh Cr Pb As E
A FHME 0.021 0.202 0.000 2 0.025 0.002 0.250 12.748 0.096 4.425 17.270
LREDR 0.023 0.165 0.000 1 0.025 0.001 0.214 13.689 0.079 4.456 18.065
REL 0.023 0.131 0.000 1 0.023 0.001 0.152 13.754 0.062 4.189 10.155
b2 0.004 0.073 0.000 1 0.006 0.002 0.077 2.393 0.035 1.030 2.841
I FZ 0.567 0.937 03340  —0.030 1.671 0.857 0.567 0.937 -0.030  —0.313
Vg g 3114  —0.040 -1.4860 —0.362 2.525 —0.198 3.114 -0.040  —0.362 1.043
f/ME 0.014 0.107 0.000 0 0.010 0.000 1 0.152 8.074 0.051 1.840 10.155
wRAA 0.039 0.414 0.000 3 0.038 0.008 0.469 23.301 0.197 6.748 27.187
HOIE(5%)  0.014 0.127 0.000 1 0.015 0.000 0.164 8.634 0.061 2618 11.791
HMIE(95%)  0.025 0.346 0.000 3 0.034 0.006 0.397 14.977 0.165 6.126 20.317
JLE T 0.175 0.667 0.001 0.203 0.007 1.052 21.009 1.587 10.939 33.535
LRI 0.188 0.545 0.001 0.204 0.003 0.963 22.560 1.297 11.016  35.048
AN 0.189 0.432 0.001 0.192 0.003 0.639 22.667 1.029 10356 19.186
bRk 2 0.033 0.241 0.001 0.047 0.008 0.268 3.944 0.574 2.547 5.388
i 0.567 0.937 0.334 -0.030 1.671 0.646 0.567 0.937 —0.030  —0.665
Vg g 3.114  —0.040  -1.48  —0.362 2.525 -0.425 3.114 -0.040  —0.362 0.309
H/ME 0.111 0.352 0.000 0.084 0.000 0.639 13.307 0.839 4.548 19.186
SEON ] 0.320 1.366 0.003 0.309 0.0355 1.787 38.400 3.250 16.680  48.719
HHIE(%)  0.119 0.420 0.001 0.120 0.000 0.713 14.229 0.999 6.473 23.191
EHA i E(95%)  0.206 1.139 0.003 0.280 0.025 1.558 24.683 2.712 15.144 39.756
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