2019,38(10): 2319-2327 xR W F OB R F F R 2019410 H

Journal of Agro-Environment Science

RN, bl , WREni, 56 KME RGN T SOt 1- 398 8 4 J AR 3R B AR A8 XU I I FE ). Al R BR324 41, 2019, 38(10) : 2319-2327.
WO Xi~hui, YANG Li—juan, CAO Ting-yue, et al. Accumulation and ecological risk of heavy metals in greenhouse soil under long—term fertilization[J].
Journal of Agro—Environment Science, 2019, 38(10): 2319-2327.

KEEMEIE T ERLTIEEEREFRER
.,:-EIL.\HB_L E,Jﬁ}l:ﬁ

REE, Mmdd, &b, 7
(PR BAAR MY A F 1 Hb 5 35 2B, TFH 110866)

W OE T TR R A BT S R it Y TR, Tt b B v R Y i S YR B, AR SC DA v i I Y

Jiti -4 (i T 2009 45 ) g izt A RS T A ]t A b BIL% 152 it - 49 v H 43 (Cd L Cr Cu \Ni \Pb Zn) BUR IRE IR, JF X L aEA 78 4

JE& TG Y SR TE A S K TN o G5 R, A FHENEAE T, 458 B Cd LASMY HA 5 Fh E 4 J8 7E T3 b 1Y & i ¥ R B 375 ek

$ Cd .Cr Zn 7EXG3E FEFF KoSOu A A0 K5 5 A ME 3 [v] it AP AR SR B4 AR K, Cu (Ni \Ph 7ERS 2 R A5 5245 T 1) I e AT R 2R
BRI AR . HAET, CAAUAE CKALFE T IEis g, HAbAL BRI 7 A i g, LA fERS 28 FEHF K0 A A K S B G0 5 3 2L Al A5 e

I, H 204 R TG b el o TR ZAL PR 1 1239 Zn b T 20 AR5 B AR 3 S G o AL IR 1R Z5 G s R

AN )it A A B8 A 4 - 5 4 T AR AS KUK, Hob 5 & R it A AR S XUR it . PRI 938 RS AT\ K.S0. AR

A NEAF LA I P S B0 1 0 4 S8 AR B 7 A i g, B A 25 XU

SRR R it AL 5 Bt 4 T A 5 VS YT s AR AR TN

FESES . X53  XEHFEED A XEHS:1672-2043(2019)10-2319-09  doi:10.11654/jaes.2019-0293

Accumulation and ecological risk of heavy metals in greenhouse soil under long—term fertilization

WO Xi-hui, YANG Li—juan, CAO Ting—yue, LI Jun

(College of Land and Environment , Shenyang Agricultural University , Shenyang 110866, China)

Abstract: In order to understand the content and pollution status of heavy metals in greenhouse soil while improving it under different long—
term fertilization treatments, this study used fertilized greenhouse soil that was established in 2009 to study the effects of different fertiliza-
tion treatments on the accumulation of heavy metals(Cd, Cr, Cu, Ni, Pb, Zn) in the soil. An assessment of heavy metal pollution and poten-
tial ecological risk was also conducted. The results showed that of all the heavy metals, Cd was present under all the treatments and caused
pollution. The exception was CK. The pollution was most severe when chicken manure, straw, K»SOs, lime and compound fertilizer were ap-
plied together, causing comprehensive soil pollution and ecological risk. The accumulation rate of Cd, Cr and Zn was highest when five
kinds of fertilizers were applied together. The highest accumulation rate of Cu, Ni and Pb was shown when chicken manure, straw and com-
pound fertilizer were applied together. The soil was polluted with Zn after nearly 20 years when five kinds of fertilizers were applied togeth-
er, and substantial soil pollution and ecological risk of Cd would increase in the next 20 years. The long—term application of different combi-
nations of five kinds of fertilizers can lead to the accumulation of, and pollution by, heavy metals. This will simultaneously increase ecologi-
cal risk.
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Table 1 Basic physical and chemical properties of the tested soil

AR Y AL £ X 2 AL
pH  Available nitrogen/ Available Available Total nitrogen/  Total phosphorus/  Total potassium/  Organic matter/
mg- kg™ phosphorus/mg-kg™  potassium/mg-kg™' g kg g kg g kg™ g kg™
6.96 39.12 11.9 147.48 0.54 0.43 25.85 15.47
F2 RWAEREERERR
Table 2 Test treatments and fertilizer application rate
Ak #t M52 (M) AT (R) AR (Ca) K2S0.(K) AN
Treatments Chicken manure/kg-m Straw/kg+m™ Lime/g-m®  Potassium sulfate/g-m™®  Compound fertilizer/g-m
CK — — — — —
R — 1.44 — — 45
M 3.75 — — — 45
MCa 3.75 — 30 — 45
MR 3.75 1.44 — — 45
MK 3.75 — — 30 45
MRCa 3.75 1.44 30 — 45
MRK 3.75 1.44 — 30 45
MKCa 3.75 — 30 30 45
MRKCa 3.75 1.44 30 30 45
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Table 3 Heavy metal and nutrient content in fertilizer

ey cd/ Cf  Cuf Ni/ b/ I R A0 (P,0s) R (K0) A HLER
Fertilis o-ke' me ke me-ke! ke meeke! e Total nitrogen/ Total phosphorus/ Total potassium/g+ Organic carbon/  pH
ertilizer mgekg mg-kg mgckg mgeKg mg-Kg mg:Kg g'kg'l g'kg" kg—l g kg"

F&FF(R) 0.66 30.74  7.86 9.29 3.05 72.96 9.80 1.60 6.30 395 —
MHE(M) 0.49 21.15 51.43 14.51 4.37 107.96 22.20 14.90 16.60 151 7.51
Afk(Ca)  — — — — — — — — — — 13.60
K»S0.(K)  0.003 2 — 0.92 — — 4.19 — — 456.70 — 6.80

eyl 0.46 10.77  6.13 7.80 1.22 70.20 130.00 74.20 125 — 6.07

R4 (TERBERE KA 18T LR ERREGRIT)I(GB 15618—2018) (mg-kg™)

Table 4 Soil environmental quality risk control standard for soil contamination of agricultural land (GB 15618—2018) (mg-kg™)

pH Cd Cr Cu Ni Pb Zn
pH<5.5 0.3 150 50 60 70 200
5.5<pH<6.5 0.3 150 50 70 90 200
6.5<pH<7.5 0.3 200 100 100 120 250
pH>7.5 0.6 250 100 190 170 300
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Table 5 The grading standard of £ and R/ in this study

BB R F IR (E) S5 QL

Single heavy metal potential ecological index and pollution degree

BT ETREU(RD G5 e

Potential ecological index and pollution degree

Ei<30 BMAESEE RI<60 RS E
30<Ei<60 RS E 60<RI<120 RS E
60<E<120 RS E 120<RI<240 A E
120<Ei<240 o EEE RI>240 RS H
Ei>240 WL S E %
F6 KEEMEELTEFEELESE(ng-kg")
Table 6 Heavy metal content in the long—term located fertilization soil (mg-kg™)
A3 Treatments Cd Cr Cu Ni Ph Zn pH
CK 0.220 4+0.02d 33.77+2.81c 25.52+1.00¢ 23.63+0.70e 16.84+1.94¢ 77.44+2 46e 7.59a
R 0.321 5+0.03abc 38.13+0.51bc 28.59+1.00ab 27.85+0.72cd 21.91+3.78b 101.17+£8.51d 7.08bc
M 0.312 0+0.02bc 38.79+2.91bc 26.11+1.00bc 27.18+1.65d 23.37+2.56ab 110.29+3.72cd 7.09bc
MCa 0.304 6+0.02¢ 39.32+7.99bc 28.72+1.45ab 27.46+0.76cd 23.22+1.92ab 112.57+14.82bc 7.03cd
MR 0.358 8+0.06abc 45.00+3.82ab 29.08+0.22a 32.62+0.99a 27.28+1.38a 121.78+1.91ab 6.92d
MK 0.328 8+0.12abc 39.98+9.50bc 27.21+1.41abe 29.83+1.53bc 23.20+1.70ab 111.74+9.00bc 6.94d
MRCa 0.315 1+0.03be 42.36+0.74bc 28.51+3.18ab 28.59+1.92bed 22.06+3.63b 114.37+2.75b¢ 7.13be
MRK 0.366 8+0.05ab 41.31+1.77be 28.35+0.53ab 30.65+2.22ab 24.66+2.14ab 115.38+2.14abc 6.90d
MKCa 0.363 8+0.05ab 40.55+1.62bc 28.90+2.45a 29.38+1.56bcd 22.54+1.87b 113.92+3.27be 7.11be
MRKCa 0.374 4+0.03a 51.30+1.63a 28.69+0.82ab 32.51+0.84a 24.75+3.17ab 124.59+2.09a 7.17b

T R AP RSIAENG PR IR E P<0.05 K225 B4

Note: Different lowercase letters in the same column in the table indicate significant differences at P<0.05 level.
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Table 7 Accumulation rate of heavy metals in soils with different treatments (mg-kg™'+a™")
Qb Treatments Cd Cr Cu Ni Ph Zn
R 0.014 4 0.62 0.44 0.60 0.72 3.39
M 0.013 1 0.72 0.08 0.51 0.93 4.69
MCa 0.0120 0.79 0.46 0.55 0.91 5.02
MR 0.019 8 1.60 0.51 1.28 1.49 6.33
MK 0.0155 0.89 0.24 0.89 0.91 4.90
MRCa 0.013 5 1.23 0.43 0.71 0.75 5.28
MRK 0.020 9 1.08 0.40 1.00 1.12 3.51
MKCa 0.020 5 0.97 0.48 0.82 0.81 542
MRKCa 0.022 0 2.50 0.45 1.27 1.13 6.74
RS IVEFWEFEZAETIESEEEEE (ng-kg)
Table 8 Heavy metal content under different treatments after 10 years and 20 years(mg-kg™)
b3 cd Cr Cu Ni Ph Zn
Treatments 10a 20 a 10a 20 a 10 a 20 a 10a 20 a 10a 20 a 10a 20 a
R 0.465 8 0.6102 44.36 50.59 32.98 37.36 33.88 39.91 29.15 36.40 135.07 168.97
M 0.4429 0.5737 45.96 53.13 26.95 27.80 32.25 37.32 32.70 42.03 157.22 204.15
MCa 0.424 9 0.5452 47.25 55.18 33.29 37.86 32.93 38.40 32.33 41.45 162.76 212.94
MR 0.556 5 0.754 2 61.04 77.09 34.17 39.25 45.46 58.31 42.19 57.11 185.12 248.47
MK 0.483 7 0.638 5 48.85 57.72 29.62 32.04 38.69 47.54 32.29 41.37 160.74 209.74
MRCa 0.450 5 0.5857 54.63 66.90 32.78 37.05 35.68 42.76 29.52 36.97 167.13 219.88
MRK 0.576 0 0.7852 52.08 62.85 32.39 36.44 40.68 50.71 35.83 47.00 137.09 172.17
MKCa 0.568 7 0.773 5 50.24 59.92 33.73 38.56 37.59 45.81 30.68 38.83 169.53 223.70
MRKCa 0.594 5 0.814 5 76.34 101.39 33.22 37.75 45.20 57.88 36.05 47.35 191.95 259.30

BB N E A AN, 7E MRKCa kbR, L34 h Zn 1Y
RS RIR B R H 1Y 6.74 mg- kg'-a™' o %R
B, 20 A SR IZ AL BT () 4 38 Zn O 2 (R AR R B
MR b FE R (14 4358 Zn 5 B 0B @ AR A
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Table 9 The results of long—term fertilization soil single factor pollution index and Nemerow pollution index

Kb T Treatments Peq P P, Py Py, Py, Py
CK 0.37 0.14 0.26 0.12 0.10 0.26 0.30

R 1.07 0.19 0.29 0.28 0.18 0.40 0.81

M 1.04 0.19 0.26 0.27 0.19 0.44 0.79
MCa 1.02 0.20 0.29 0.27 0.19 0.45 0.77
MR 1.20 0.23 0.29 0.33 0.23 0.49 0.91
MK 1.10 0.20 0.27 0.30 0.19 0.45 0.83
MRCa 1.05 0.21 0.29 0.29 0.18 0.46 0.80
MRK 1.22 0.21 0.28 0.31 0.21 0.46 0.92
MKCa 1.21 0.20 0.29 0.29 0.19 0.46 0.91
MRKCa 1.25 0.26 0.29 0.33 0.21 0.50 0.94

FRI10 10FE520FFEETEESELARTELERENEBTRATRELEINER

Table 10 Single factor and Nemero comprehensive pollution index of greenhouse soil after 10 years and 20 years

Ab ¥ Pxi P, P, Pyg
Treatments 10 a 20 a 10 a 20 a 10a 20 a 10 a 20 a 10a 20 a 10a 20 a 10 a 20 a
R 1.55 2.03 0.22 0.25 0.33 0.37 0.34 0.40 0.24 0.30 0.54 0.68 1.16 1.52
M 1.48 1.91 0.23 0.27 0.27 0.28 0.32 0.37 0.27 0.35 0.63 0.82 1.11 1.43
MCa 1.42 1.82 0.24 0.28 0.33 0.38 0.33 0.38 0.27 0.35 0.65 0.85 1.07 1.37
MR 1.86 2.51 0.31 0.39 0.34 0.39 0.45 0.58 0.35 0.48 0.74 0.99 1.40 1.89
MK 1.61 2.13 0.24 0.29 0.30 0.32 0.39 0.48 0.27 0.34 0.64 0.84 1.21 1.59
MRCa 1.50 1.95 0.27 0.33 0.33 0.37 0.36 0.43 0.25 0.31 0.67 0.88 1.13 1.47
MRK 1.92 2.62 0.26 0.31 0.32 0.36 0.41 0.51 0.30 0.39 0.55 0.69 1.43 1.94
MKCa 1.90 2.58 0.25 0.30 0.34 0.39 0.38 0.46 0.26 0.32 0.68 0.89 1.41 1.91
MRKCa 1.98 2.72 0.38 0.51 0.33 0.38 0.45 0.58 0.30 0.39 0.77 1.04 1.49 2.03
R KEEMERTEEEEEEESKBITNER
Table 11 The results of long—term fertilization soil potential ecological index
b5 £ RI
Treatments Cd Cr Cu Ni Pb Zn
CK 11.02 0.27 1.28 0.62 0.50 0.26 13.94
R 32.15 0.38 1.43 1.39 0.91 0.40 36.67
M 31.20 0.39 1.31 1.36 0.97 0.44 35.67
MCa 30.46 0.39 1.44 1.37 0.97 0.45 35.08
MR 35.88 0.45 1.45 1.63 1.14 0.49 41.04
MK 32.88 0.40 1.36 1.49 0.97 0.45 37.55
MRCa 31.51 0.42 1.43 1.43 0.92 0.46 36.17
MRK 36.68 0.41 1.42 1.53 1.03 0.41 41.48
MKCa 36.38 0.41 1.45 1.47 0.94 0.46 41.09
MRKCa 37.44 0.51 1.43 1.63 1.03 0.50 42.55

bR SR AR 2N KU PR ARy AR AR S H

3 iFig

B S SR A PUIE it A 538, nT3g i 4
S LTS B R A0 B e RO £
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Table 12 The results of long—term fertilization soil potential ecological index after 10 years and 20 years

4k Eco E, Ec, En En, Ey, RI
Treatments 10 a 20a 10a  20a  10a  20a  10a 20a 10a  20a 10a  20a 10a 20a
R 46.58 61.02 0.44 0.51 1.65 1.87 1.69 2.00 1.21 1.52 0.54 0.68 52.13 67.58
M 44.29 57.37 0.46 0.53 1.35 1.39 1.61 1.87 1.36 1.75 0.63 0.82 49.70 63.73
MCa 42.49 54.52 0.47 0.55 1.66 1.89 1.65 1.92 1.35 1.73 0.65 0.85 48.27 61.46
MR 55.65 75.42 0.61 0.77 1.71 1.96 2.27 2.92 1.76 2.38 0.74 0.99 62.74 84.45
MK 48.37 63.85 0.49 0.58 1.48 1.60 1.93 2.38 1.35 1.72 0.64 0.84 54.26 70.97
MRCa 45.04 58.57 0.55 0.67 1.64 1.85 1.78 2.14 1.23 1.54 0.67 0.88 50.91 65.65
MRK 57.60 78.52 0.52 0.63 1.62 1.82 2.03 2.54 1.49 1.96 0.55 0.69 63.81 86.15
MKCa 56.87 77.35 0.50 0.60 1.69 1.93 1.88 2.29 1.28 1.62 0.68 0.89 62.89 84.68
MRKCa 59.45 81.45 0.76 1.01 1.66 1.89 2.26 2.89 1.50 1.97 0.77 1.04 66.40 90.26
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