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Abstract

In order to recognize the status of heavy metal enrichment and pollution in different types of
farmland soil with the application of organic fertilizer, explore its prevention and control methods,
ensure the quality and safety of plants, the lettuce soil and strawberry soil in one of the green-
houses in Hebei province were studied. Before cultivating the lettuce and strawberry, the organic
fertilizer home-made by the park was applied into the soil, and organic fertilizer was added dur-
ing the growth of plants. The surface soil before fertilization and during the ripening period of the
plants was then collected. The heavy metals, including copper (Cu), zinc (Zn), nickel (Ni), plum-
bum (Pb), chromium (Cr), cadmium (Cd), and arsenic (As) were measured and compared with the
risk screening values. The pollution degrees of heavy metals in soil were evaluated comprehen-
sively by single factor pollution index method, Nemerow comprehensive pollution index method,
geoaccumulation index method and potential ecological hazard index method, respectively. The
results showed that the contents of Zn, As, Cd, Pb and Cr in lettuce soils at ripening stage increased
compared with those before fertilization, and the contents of six heavy metals except Ni in straw-
berry soils at ripening period also increased to a certain extent. The contents of seven heavy met-
als in lettuce and strawberry soils before fertilization and during the ripening period of the plants
were lower than the risk screening values. According to the single factor pollution index and Ne-
merow comprehensive pollution index, the heavy metal pollution in lettuce soil and strawberry
soil before fertilization and during the ripening period of the plants did not exceed the standard.
The evaluation results of the geoaccumulation index showed that the application of organic ferti-
lizer had a great influence on the geoaccumulation index of Zn in lettuce soil, which made Zn in
lettuce soil slightly polluted during the ripening period of the plants. Application of organic ferti-
lizer had a prominent effect on the geoaccumulation index of Zn, Cd and Pb in strawberry solil,
making Cd in strawberry soil during the ripening period of the plants close to moderate pollution,
while Zn and Pb were also slightly polluted. Results of potential ecological hazard index evaluation
showed that Cd in lettuce soil during the ripening period of the plants reached moderate ecologi-
cal hazard and the total potential ecological index enhanced after applying organic fertilizer. After
the application of organic fertilizer, the moderate ecological harm of Cd in strawberry soil before
fertilization reached the strong ecological hazard during the ripening period of the plants, and at
the same time, the total potential ecological index was greatly improved. Therefore, the applica-
tion of organic fertilizer had a significant impact on the pollution of Zn and Cd in lettuce soil and
Zn, Pb and Cd in strawberry soil, in that the further production and application of organic fertilizer
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should be mainly controlled.
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1. 51§

TR AN EIEARNE PR, R R B, —RATTHAR R, T E SRS Jet it
FEME A . A RE SR, REZESEGRAOPHHER CIX 2000 /7 hm?, &4 E R
#) 1/6, 4xEARERE SRS LA EIE 1200 77 t, SR EZE G 200 127617 [2].

AEBEEREFEELT 5.0 g’ NEJEITER, SOFHC). £:(Zn). BN, H1(Pb). H#(Cr).
(Cd). K(Hg). Ti(As)s BL(Fe). Hh(Mn). fH(Mo). £i(Co) [3]. AWMAERY, FREHH -5 ER, L
HALFRERN 19.4%, FEIENITHEYZE Cd. Niv As. Pb. Cu. Hg[4]. HEE&EI5HMINE S g
MF 2 BRI, TR TR, B IEES, RAREDI RS SR, o ARERS], Wik
[ e gk & Cd Wk O R “BIRm 7 BIE Cd AR, 5k dnl i v 0 X (R0 A0 T2 28 HEox R X
1 10~20 £5[6]. Ji4h, EEJEoRIEIEIE NEK LK IPIGEFIE G E S A NER, PEE TS
TS FENRPHRCE IR, 52 2 s R A B8 B R ER[ 7]

G R T5 Y B VA 2 AW B S R TS Gk P I B BT B iRk 2 N8R A B is e Bk N i 2
RS YRR M AR T AR R X S 3R AT TV, SRR, MR AN L &R P NS
CEETT IR ECN 1.01, 2R T EEBERMSYE, FEESEGEYN He Niv Cu Ml Zn. XKL EAN[9]
DA T4 X o 300 FHOARIE 9 X3, R4 77 AN 8 S OAT A, H b BRAREGE T X ) 8 P E &R o
FITG YRR, R LIRS He Cd N FEIS AR R, Hifth 6 FlocRIATIGH. ZFE—FEN[10]
FHIBEA S GERBOEM T E 1 145 As. Cd. Cu. Ni. Pb fl Zn BB EASGERE, S&REY,
FrER T L3 Cd FE AR A, KRR REAE.

- SR SRR H SRR NS . HARIE R R MRS, WA A RE . Kl A
s EEAANES . Tolkisge, EFGRAE11]. CAFRENAIESIN 2R E SRR AAE
FETIMR[12] [13], EIEHAC. FRED BB 5K, KAVIPEE[14]. Luo FA[1SHFFRERM,
Cu Al Cr FEZ RGN, Pb F Bk H T Tolkis Y i RS UT% . Niu 28 A [16]06F A E K iR B 1
RS JRAAT 7 IR, AN Pb. Cd. Zn A1 Cu AT RE SitinA LA ¢ . $EkiE, M 3E
Je gl B AR A R ERYE . —, % Cd. Cu Fl Zn BITTHRZE AN 55%. 69%M1 51% [15]. 4ETHHLIE
RE P ot FH T A, — D7 TR AR S5 G, S — ] AR S EY T E . AR A NS ) E 4
i B Tl FF O RS N 3, P R R B 1 RS A, T OGRS

AW ST T VAT A48 J it FH A ML R P A P A 2 R R g AR NI Fe st %, @i X 3 Zn. N
Pb. As. Cd. Cr fl Cu & EHATNr, G5E A T M 35875 Yo XU B 2 b vl o B0 XU T ik (AT 4 B &
I, RARE TS R RE0E . WD SRETs R aBus . M SRR BUEAE 7R A S fa R BUE XTI AL
DX I ) 4 B 1 e 1 DL S A AR S S AT € BT, ZRE 0 T A HLE I s b B BA B o i B 1 5
W, DA LSS AR I ) A% HH - 48 1 22 4 5 o 45 @ V5 G B P SR 5 1k
2. R S5 AE
2.1. HmRESLE

AR5 3 FH ORI A S L AR AR R St G, S b 5 X E A ARG PR P A O 4% . — 7T,
AR R — B MAETAME, (EACT7 H X B R B Bl s LR, R A: S AN B Pk A 5 0
EI RO, I H AT DA AN R 2R A 3 A P R 2 S o R B A S KM RN R O A A A2
MERE, 6 AW T KRS L8R E, 7 AR S 77 BHIANIZEAEA L0 G RIRAE, 78 I il 2
291 MH, ZFERABEENTRZE, T 8 HIK 9 AYITERE RMFE A, 9 A FaFEAESE KA
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TG, 12 A A e M RE A 2k 1 A 72 ARSI B A2 M PR FH S5 B HUORE VR HEAT A R 5R
SRR 16 2B SRR 25 ZBIOBHEZ(0~20 cm) A FH 3% 1 kg, 20005 IR, HI5F7RA, KA
VoA T, 0 PS5 53, U BIPT iR, SRS F-T 70, BEEIREM K29 1 kg ik, Kk
e ERE LT R SE0 %, WP RREE b, IR AR, @RS FEA TS R R
B, A LgerE fn i 100 H e i, srde. &M

AL B VRN IE & ol i R X 22—, BUALIRAE 7 B & 2608 A FUIE A AR R T2 e e 50 A 2L
(R BEPRAL A P AN S G AR [17] . Az S PR AN SR A AR AR AT ML L, A S A R R e i 2
N> NENE S8 FENEE A AL IRIE Y, HOOR S AT HEOR B . B ) AR A rh i A
2~3 IRFENE, BRI KN 7.5 J5/m . FEASER, MR SICHEEAEPIR, &R0 A HLEEIEN 10
JileE . HEIENZEAR RS IEA VAL, ST 0A TR s, SN RERIR A AW, 4F
40%~70%1E FRIBAE MRS, IS IAE T & & 3 b IR w0 R IF AR, RIS
| A BE R TN T, AR AT B . TR AEIROR, KRS IEHEAT K . T0 = A Ab R JE 24
IR, A7 R B HLALRHE BT A HLIE R R A S i 1. S 36 HLAE AL S AE XS 36 P NI B B
51, TRAEFHDG NG, B AR K, BSR ST IR R . B e R e i K I AL B
R RS HUIENAE R, 5 Z A& BRI SR . Pl A HLIIE T S S W 1.

Table 1. Heavy metal content in organic fertilizer

=1 FERANERTHNEERSE

Febr Zn Ni As cd Pb Cr Cu

& B (mg/kg) 135.7 19.6 5.8 0.04 6.6 38.8 IS T 2(<0.0005%)

2.2. BmAES S

3% pH M FREGE 100 BRI IRT 13 10 g, NSRS 25 ml K& FKIIBM T, B
RS AR, ME 30 min B EE EVEWA pH IH(FEHE PHS-3C BDHRHATI 2. LIEAEME
HNO’-HCI-HCIO* {57, +3# Zn. Ni. Cu M Cr 5K iCE3300 AAS Ji- TR ISOL A 52 [ 18] [19]; Pb
AT Cd SKH AT1200 A7 8847 R IR SO REACGEE AT 52 [20]5 As & 8K AFS-230 BU0UE J5 156 66 FE 1l
SE[217 FE A AE MR FE Al i~ 47 OURE 7 2Cadk AT o 4 1

23. THERES X

23.1. EERAEBITMIRE

+ I SR S BRI AR R T (GB 15618-2018) ( HIBIRIER & A% F 13375 Y XU & f b v )
BORMAT o ARAEARAE S (A I L XS T 5 Sepr IR E S B S BN X R, W ELSBEICRGE
JRIS: AN E— 2 PR S50 o B PP AT o PR S8 AP ) EL A B I 72 20 AR P e B8 XU 7 4 4 2 418 AR FH b g o
HE RS EDEEE TBURTZE, AR 2. REWAE KSR LIRSS KR, —
FRCAE L T LA [22] 5 5 R VAR 19, %o AR 7 ol AT B 22 A AR AR A A K B 8 A S BRI T R A7 AE XU
7214 Ty b B A S5 M 0 A A B M, R B ROZCR U A TAE S, DAL R 2 AR [22].

2.3.2. N A

1) S Gt gk

AR 15 QAR EOE R R A E SR 15 S SNE 512 E &8 PPN ARE R EL Al FAS I B (R
TR S PR AT VPR o G, T E LS AR FE I TR 23]
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Table 2. Screening value of soil pollution risk of agricultural land (mg/kg)
2. R\ RIS RIETFEEER G mg/ke)

s A i g (.
75 bR Sy =|
pH<S5.5 55<pH<6.5 6.5<pH<75 pH>7.5

7K H 0.3 0.4 0.6 0.8
1 8 (Cd)

HoAth 0.3 0.3 0.3 0.6

7K H 30 30 25 20
2 THi(As)

HoAth 40 40 30 25

7K H 80 100 140 240
3 #5(Pb)

HoAh 70 90 120 170

7K H 250 250 300 350
4 #(Cr)

HoAth 150 150 200 250

HLpid 150 150 200 200
5 il (Cu)

HoAth 50 50 100 100
6 £ (NI) 60 70 100 190
7 £%(Zn) 200 200 250 300

E: © BEBEMXRERR As BHOTRBE. @ MWT/RPRAEM, R H A B H BRI -

Hit 5 ARN:
C

B= (M

X PSRRI RY) i RIS Re G GO ISR SEN S &, AL S R 2GS
AR i TP ARAE R, DL SRR AR B b L G KU S (B A E VAN AR . PR, TS
DERRPEB R, AR LA 75 e O L A 385 Y AR R R LR 3.

Table 3. Evaluation of soil heavy metal content by single factor index method

3. IRESRSERRTFREETNBIRS RATE

ER RS QAR H Py PSS
1 F<l PREES
2 1.0<P<2.0 BRAS G
3 20<P<3.0 BT Y
4 3.0<P <50 o B S
5 P>50 RS G

2) WHFE LR &5 Yeta B0
PIME B 2 v e B0k R VAN -3 £ Al bn a5 Gt i, o i fein — WU AR T B /e Fl [24].
HEARMTF:

P, =yl U )
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Kbt Po N HIREREIPNIEEG Pinax WESJB BRI TS5 RARBURAAE . Py HIRE S8 08 75 Yk

Hr5A .
HAtEA X N:
- 1 n
P=—)" 3
1=k 3)
PIME R 15 G i B (X B ) - 3875 YR AR & 2 Sk T2 L2 4.
Table 4. Evaluation of soil heavy metal content by Nemerow comprehensive pollution index method
F 4. TEE SRS =ENBTEESTEEREITFNERS RinE
£ 377 CRETTIIREL P V5 QTR
1 P.<0.7 KB bR
2 0.7<P. <1 B
3 1.0<P, <20 LEJE AL
4 20<P. <30 Hh R
5 P.>3.0 bR
3) M BEARHOE
Hh RARIEEL L., WAHEFRN Muller 1580, b RFUFREER 1 % I8 B ERAL 515 S50 E SR T5 R~
SR, IS RERE VRS AN NS B0 4B RARRIE R [25].
ZIRERTHEA LT
I, =log,[C,/(kB,)] 4)

qrb: CNE GBI KIS (mg/ke), B, NHER RN FAE, AW LI 16 1 L35 5 AH

J9bR#E[26], Zn. Niv As. Cd. Pb. Cr fl Cu i HIEH 55758 78.4. 30.8. 13.6. 0.094. 21.5. 68.3
F121.8 mg/kg, k NIEIEL SALPBN M E I RE(— M kN 1.5). (KHEH RAHREFI E S B 5 J B

REPETA 58 9 NTET5 Fe IR o5 G -BANAE 4, LR 5.

Table 5. Geoaccumulation index and heavy metal pollution level

x5 WRREHESESREFRFR

Hy FARFREL L., <0 0~1 1~2 2~3 4~5 >5
& 0 1 2 3 5 6
T YRS 7 - H -5 S -H o Wesik

4) BEESEF RS

IBEASETEREOE R H TS PP 3R OURY) E & Ja iS5 BRI Tk 2 —, diFi 35 44
BRAEZEZK Hakanson 7 1980 4, BE4iaby:. AW#EIY. AP EITHKAS, LUEER TR
oG RIBE AT MR R27]. P RFEALRSERE LT T kb EeRISFIE RS, kR

SN 4 () B M R
BEASAERIEITTE LT
.
C ==L 5
) (%)
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E, =T/xC; ©)

RI=YE =YT/xC, ™

A O RESEMGRIEE: O, VERESEINE; C hHIRERAE: E 2 PMESEIEE

ASEERY: TRESENFHMERE, Zn, Niv As. Cd. Pb. Cr fl Cu IEEMH AL A8 1. 5. 10,
30~ 5. 2 M5, RIZZMELBHAESGEFREY. BEESEFEIAMERLE 6.

Table 6. The relationship between index and classification of potential ecological hazards caused by heavy metal pollution

Fo. EERBRBAEETRERFRSIRER

BN ) B EAE S
?ﬁ( 1; it - CAPIRREE Yy ok o 14 e G F T E(RE SN R ERE
E' <40 LI5S RI <150 BEASREE
40<E <80 i 150 < RI <300 hEASAE
80< E' <160 C 300 < RI < 600 HAESGE
160< E' <320 TR 5
_ RI > 600 RS EE
E 2320 fakr

3. BRE S
3.1. WP ESE FEFMERETLNEMN

JE X e AT R A E P R AR S R B A ) pH 5 Zn. Ni. As. Cd. Pb. Cr fil Cu-bMESES
EHHTIE, BB RNE 7. RERE S RIS A IR0 0 ZibniE[20], TR IR 5 AN
%: SRER(pH < 4.5). B2(pH N 4.5~5.5). F9M2(pH N 5.5~6.5)« H 1 (pH N 6.5~7.5)« F5ff(pH A 7.5~8.5)-
Bl(pH H 8.5~9.5)F15&H(pH > 9.0). MG 7 AJ WL, FAEHTASE /) pH H A 6.45 +0.01, J& T 55115
VEVIR IR AESE L pHAE N 7.2 £0.03, BT ikt MAEHTE %11 pH M5 6.09 £ 0.01, J&T 391k
ts EVIBCAIARE R L) pH (A 7.58 £ 0.01, J& T 990tk L. Aok, KELEHES)E Pb. Cr.
Cu %5 pH HAEVIMAAGYE16]. 7ERME LI, EHBIMNERIC, AR, ESBEEmME -
Herh o BRI R BE1E[30].

MFE 7 AT LA, R IE AT A3 b Zn S B AR N 79.8 £ 0.02 mg/kg, Cd & EHRAK N 0.11 £ 0.01 mg/kg,
LR E S B S ENHIF N Zn> Cr> Cu>Ni>Pb > As> Cd. 2, Zn. Ni. Cu M1 Cd & B T =1ME,
XA REAE FH T At A A HLFE R 5| A i 3 4 JE AR 2R AR I AR S b Zn B B N 144 £ 4.24 mg/kg,
Cd & &AL 0.14 £ 0.03 mg/kg, LA H 5 J& & & (138 47 Zn > Cr > Cu> Pb > Ni > As > Cd. HH1,
Zn. Pb. Cd Ml Cu & EE T RE, RPXAEFR P OEZEAFLEER Zn, Pb. Cd 1 Cu i55.
At AR AT AESE L rp B S R S R A TS, (B BAA S R T NiL Cu LA HAh AL RN E 4 )8 A &1
T HARRTAESE L, X RIA VAR — e 2 L3N 7 AESE 1 Zny As. Cd. Pb F Cr [WE 4
JEEE. BRItz Ah, EEEIE T RER E HAL N TGS, AFEEERRE AR 2555 . JE4RIE, Pb FIREAEIE—
BeR 25 [31]. MEPDRGEIHAESE T Ni A Cu & & BRI/ AT R Bl T3 P B 4 S 7 AR S b ' AR
FERGETFE AR o 5 B 4 S A RIS 7 128 B AT LRI R A5 it A i AN AR 40 Rl A AR 3 B 4 1) B S A
TR IR AR, DR, i A AT AN VR A AR S e T e KU A

WA AT R A b Zn IS ERE, N 84.2+0.01 mgkg: Cd SERIK, 40.13+0.01 mgkg. LFEH
BT A Zn> Cr>Cu>Ni>Pb>As>Cd. HH, Zn, Cd M Cu & B EES T HE, "hEZH
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Table 7. Soil background value (mg/kg) and pH value, heavy metal content (mg/kg) and risk screening value (mg/kg) of let-
tuce soil and strawberry soil before fertilization and during the ripening period of the plants

= 7. WL E IR E RE(me/kg) MMERRIAR B AAERTMES T pH E. E€RE S E(mgke) 5NETHIEE

(mg/kg)

o HEAE i 2 31 TE RIS HEAE A 2 1 (IR B2 1

L7 gjﬁ?gé SPEIE + PR FIME + P FIME + A FEE + ARG i
PRt 2 buisg |} FrifEZ brid (<] FrifE 2z i 196 4EL PR 2 brid (<]

pH 6.45+0.01 7.2+0.03 - 6.09£0.01 7.58 £0.01
Zn 78.40 79.8 £0.02 200 144 £4.24 250 84.2+0.01 200 173 £2.83 300
Ni 30.80 35+1.25 70 26+ 1.41 100 21 +£0.08 70 21+2.82 190
As 13.60 2.53+0.02 40 7.18 +£0.08 30 3.56+0.02 40 6.1+0.21 25
Cd 0.09 0.11+£0.01 0.3 0.14+£0.03 0.3 0.13+£0.01 0.3 0.28 £0.01 0.6
Pb 21.50 42 +1.01 90 30+ 1.41 120 48+1.43 90 38+ 1.41 170
Cr 68.30 51+1.22 150 51+1.42 200 48 £0.09 150 65+0.71 250
Cu 21.80 36+2.11 50 33+2.12 100 30+2.43 50 31+0.7 100

AN HLIE AR IS B S R A R 5 g AEYI AR L Zn M BiE, N 173 £ 2.83 mg/kg
Cd ZEHK, 7028+001 mgkg. EEFNEEHITHN Zn>Cr>Pb> Cu>Ni> As > Cd. {EWREAIN
R LR RS RS R R TS T HALAT R 1, RO P EY) R R (&
&R EEE K. (EYRAIE R LU ESJE T Zn, Pb. Cd Al Cu & Em T R{H, RWUIEDK
SR A2 Bt N A LB IR ARSI N T B4 b Zn, Py Cd AT Cu FOT5 G o it AR AR 1 4 i 24 )
L0 B R e Rl g e o = R v I 2 3 e = - Pl R v 8

SR, AR TR E Y B A SR R AR L R Zn (S B, Cd R BRI, ED R
W AR S AR 7 B I E HLISAE AR, AEY) G A - Zny As. Cd. Pb F Cr & &EAHXT T
ARG #RAT B3N, VEP I A LR T Ni LMW SFI R &R & R s — e REN T & . Btz
A, it A R 42 A A S R R P ) TR TS e XU R AR A

3.2. TMPFESCERBRTNS TR

A b AR A G R TS R R PN 5 20 7 R A S R TS BeR BOE M NI D SR B i et
Hok. Kt ESESEWALKN), WIHHES R E TSR, AT EAA IR R T
JARE N AR (), AN a1 Rad, FIRRYE & 3 A 4 P AR SCUF M bR e R € IR E 68
PEE O ESa

MG 8 ATUAZE H it A T A 3 v -G B < e P B R 575 YR B e P 9 Cu> Ni> Zn > Cd > Cr >
As>Pb, LREEJE LA FIs a8 /N T 1, AT 53N WD GaT RSV T 0.7, HiWIE
EJRITRERATE R o A SRS A B < 1) DR S AR BOE R . Zn> Cd > Cu> Cr =
Ni>Pb>As. G EGE R H T REEI DT 1, BT RIGRER, AP EETGREE/NT 0.7, 3
B < R U5 Y B A AR

Tt A iy S P - B e 4 IR TS AR BOLHE T 9: Zn> Cd > Cu> Cr > As > Pb >Ni. LA
R B T RIEEANT 1, TSR WD 815 384800 048 /T 0.7, BHIE GRS
B A bR o VR RSO B g i -EMh B s B IR TS AR B R 9: Zn> Cd > Cu> Cr> As > Pb >
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Ni. O EEE AR IR H /N T 1, AT REREN, WP GRSt T 0.7, B TRE
bro

Table 8. Single factor pollution index and Nemerow comprehensive pollution index of heavy metals in lettuce soil and
strawberry soil before fertilization and during the ripening period of the plants

F 8. MR ERARE R I NESE L ESR A EFISMENMAET RE IS REH

AT MR MR 8525 1 TR AR

O wmEEne WETES  RETER AEPERS  BETER  AEPES  BETER WEPEA

b e V5 Ut jak 5 YR sak V5 Ut jak Yefit
P; Py P; P P; P P; P

Zn 0.40 0.58 0.42 0.58

Ni 0.50 0.26 0.30 0.11

As 0.06 0.24 0.09 0.24

g 0.37 0.48 0.47 0.47 0.43 0.48 0.47 0.46

Pb 0.05 0.25 0.05 0.22

Cr 0.34 0.26 0.32 0.26

c 0.72 0.33 0.60 0.31

23 b oy B AT A AL TR VR P R A S R R B A - BRI B R BB IS QR RSN T 1, KA
HE AT HIGRER, DY ST RN T 07, RYESRTS R,

3.3. MRRIBBUETFNER RS

IEEUE FC X S BT 7 A T A0 AE 3 S VPN bR e, T DX L R S R R AR A, X
LH N B4 RS e s, S E S RIS RPN R . N 9 FRIPE A R T LUK I A AR R A2 )
LR E 4R b i EAE RN N Cu> Cd > Ni>Zn > Cr>Pb > As. Cu I 2R EE =N 0.14,
R T W A VUZEIE, ER T i L2 R Cudg . HARAFES B RAREEY N T
0, RWEA HPLE 48 BAUS Y AED) B AR 52 b (6 -ER 6 1 2 RAFE BN N : Zn > Cu >
Cd>Pb>Ni>Cr>As. E&JE Zn M BRBEER S, A CRENREBUTY, Cu NINIHBLEBE %.
HLJE Niv As. Cdv Pb Al Cr (U BRFREIY /N T 0, SIRBETTT Y. Kt A mr A 32 A ED e &
S ) S R AR AT LR T AR, MR AE S R R T Cu A Cr DAAM A R 4 11
Hh R AR HOY KT TR AT A= 1, REPANIEAERIE NG T A S L i AR 4L, $R e T Ak
T ESE R E. A Cu i B AR A AT AR BT AE SRR Cu I E SR AE R .

Jit A 2 o - < 1 3 R ARAR O MIRFF AR N : Cd = Cu> Zn > Cr > Ni > As > Pb, Xt
Fh R &8 1 REFR BN T 0, RPREE LERIHAGFERESESE RBS Y. EV R EE L1
G G M B AR B NMIFFEAR YN : Cd > Zn>Pb > Cu> Cr> Ni > As, A HLIEA A I #5245+
HESJE Zn, Cd A P th RARFEHGE A EOR, Hdr, Cd B RFFEECN 0.99, i &5 JuKF,
Zn. Po A—EREM RBUSY, TREFRKE, HRIUMES RN RFIEENT 0, RUASIELE
HeE BRI S.

ZEA UL BT R, NIRRT A 3 1 Zn B3 EREBOR IR, VEY B A SE b )
Zn e FREG Y. HEINA HLEEIEX A 1 Zn, Cd 1 Pb (O3t BREREC ALK, g Hh M ES R
Cd V5 YL, Zn A1 Pb AFAE— € R Vs Y. Rk, fE2 Ja iAok v, Bnsast 432+ b Zn

DOI: 10.12677/aep.2019.94080 592 SR AT T


https://doi.org/10.12677/aep.2019.94080

TR 5%

Table 9. Results of heavy metal geoaccumulation index evaluation of lettuce soil and strawberry soil before fertilization and
during the ripening period of the plants
9. HAERTFEYIR AL T NES L SR RTIRRITNER

it L T A S VED) LI A 3 1 it JE 1 R L VED) RS B
G
b IR o mnes it o mwmm USRI e e W
H 5 i i
Zn  —0.56 0 FREES 0.29 1 J-+ -0.48 0 FREE S 0.56 1 To-th
Ni 040 0 FREES -0.83 0 FREES -1.14 0 REES -1.14 0 REES
As  —3.01 0 U REE S -1.51 0 Toi5 g, -2.52 0 UREE S -1.74 0 P REE S
cd  -036 0 Toi5 Y -0.01 0 Tei5 g -0.12 0 RS 0.99 1 Je-h
Pb 294 0 P REE/S -0.10 0 P REE/S -2.75 0 P REES 0.24 1 T-
Cr -1.01 0 FREE S -1.01 0 FREE S -1.09 0 P REE -0.66 0 FREE S
Cu 0.14 1 -t 0.01 1 -t -0.12 0 FREES -0.08 0 Toi5 G

FEEZE LR Zn, Cd F1 Pb HIV5 Y& .
34. BEESRERBCEHTNERRE SR

Vo g S . LI S E A E SRR REGEANAK(S) (6)FI(7), 153t AT FT A VEY) R
WA S AN B - UM R 1V AR S B T RO S MBS A FHRR L I E R M E SR
BIEAESBERITTIRE . WL 10 vTRISEH, R4 b L ESEYE TREASEE, a1
BIEAEASTEE 5439 <150, R TREBASMEE . MEMEY B AESE L 1 E &R AS fEE 240
J¥ A Cd>Cu>Pb>As>Ni>Zn>Cr. Hi, BT Cd FAEPERELESAEN,, HAESENE TR
FEASGE, BIBEESEERE 7206 <150, BTREASAE. GHELSEG G ENHEX 5T
IR LS 5 4 o P09 T 2B A T R MORILE (78 70 2 A AR B BUAB.( B!/ R )RS, 78 Jta JIE A0 /47 il
PR ESE L, Cd B BTG G, HoTiRE A E] 64.55%H 62.10%. Hi A AL — 2 FE A
R TAESE LT Zn, As. Cd Rl Pb PETEASEE REL, BMEBEASAERSWAE N,

Table 10. Index of heavy metal potential ecological damage in lettuce soil and strawberry soil before fertilization and during
the ripening period of the plants

= 10. ERAAEMRRIERTNESE T ECRBEETRERY

o Jit L T A S YEP A A SE it HE i R4 YRV A B

E! RI DTHRE E Rl  BiERZE E! RI DTk E! RI TR
Zn 1.02 1.87%  1.84 2.55% 1.07 1.85% 221 1.88%
Ni 5.68 10.45%  4.22 5.86% 3.41 5.88% 3.41 2.91%
As 1.86 3.42% 528 7.33% 2.62 451% 4.49 3.82%
Cd 3511 5439  6455% 44.68 7206 62.01%  41.49 57.99 71.55% 8936 11731  76.17%
Pb 098 1.80%  6.98 9.68% 1.12 1.92% 8.84 7.53%
Cr 1.49 275%  1.49 2.07% 1.41 2.42% 1.90 1.62%
Cu 826 15.18%  7.57 10.50% 6.88 11.87% 7.1 6.06%
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AT BT B Cd TR AR S G E R 41.49 > 40, WA ARG E, HANMESEY NG
EASEE, BINETEASEERES57.99 <150, b TREASHEE. EMRANTEE P LHESR
TS G E RIS A: Cd>Pb>Cu>As>Ni>Zn>Cr. H, R cd B FrAESmaE, K
RELBEHRREASAE, SHBEESEFERI11731 <150, B TREASEE. HIETTAED L
PR L Cd BRI TTRRRK B, 0 AliER] 71.55%A1 76.17%. HEInAHLIE AL HaE R T
Ni LIS FhE & B RS E A S G E KBS AR m, Ko, X Cd MBEASET /REGEm K. [,
Tt A HLESAEAR R HBIG T S e AR S e 484

g FRAR, HOME NS, (EY RS L Cd AR T A S AE, BREEASTEER
BHTHN . B Cd i AE FT A R AR S e A B E Y A B s A A fa R RO -G K T
BIEABAERE. Cd AR LR R LB A S EEN T BN 7, &5 8RG8 o 7 Z
(12 A5

4. g

1) YRR — SR B3 7 A2 9 Zn. As. Cd. Pb Ml Cr MESESE, #Hath
Zn. As. Cd. Pb. Cr fl Cu (WEEE SR WA FIHE . a0 AT A ED) R 1 £E 5% LR R AR £ b i) E 4
B BT AR b 838 G KU AR o v )RR GG AF, 3R A L AR (Rt o 5 2 1 2 4 S 7 IR
R A

2) it AE HT AR A AR S R R T R R R S PR BN T 1, AR SR AT RRE /N T
0.7, % BA Jiti JEL 7 AR 90 B A A8 23 R 2 - v 35 ol B B R 5 et R AR R

3) M RFAFREOE VI A R, AHLEE RN T A L Zn (M RAFR S, IR
WAL Zn iR BRSO RN, PEVIRCGARARE: L) Zn, Cd A1 Pb 5 IA HLESAE 4
I R#HOE R TR IS YK, Cd Bl TS K. 7R3 FORIA HLES AR AR A =, 75 R EL
—E S AESE L ) Zn FIEEE LR ) Cdy Zn 5 Pb {5 4l T E 5

4) BIEAEDEFREOEMVEM SRR, AR IR T AR L MERE - Cd MEEAS
faERE. EHINANIEICSE, TEVREIIA R LN Cd A8 T R EASGE, (EYREII R 1)
Cd L3 TR, RN TIEY) S A S AR L B i e A S fa e 2. fEAEE 1M
Fag i, CdisERITTERE R R, HARSINEEASESE, RIOH RS fRE E 48 Cd k1
E.

AR 16 E 0 DU b 732 B PPAN 65 S EAT A W ol 15, Tt A HLESAEX A2 9 i Zn F Cd AR g
Zn. Pb #l Cd HIsZmfERECR. WBAR B&, AHIZEIEMMENE S VAR LN P ESESE, &
SRR b b S SR VS YRR A BT INR,  TERE— 0 AR R A USSR (0 AR N . X T
T E SRS IV, TR, (HRURRE — MO B A, SR — B VRN T VETE
SRR AT VN, A & A RRIRYE, TRVES MR AT RIS R, mm A a2 R A A
SEE SR VPN L3 S (075 YRR R S R AT e PRI Rl R BR M . bAb, TEREAT T3 4 a5 e KU VE A
B, WA HEESFEME. BRREE. EVFEAAKENES IR, 4 REE IR E WA EYEE
& JRTE L3 rp R B KU

EHEWH

AW FE 32 ) [ SRR He il 56 B H R T 101(20172X07101003) . H e i HE AR 55 9 %
T %5 4:(2018MS051) ¥ B .
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