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Abstract: Based on the data of soil heavy metals and nutrients obtained from the 1:10 000 land quality geochemical
survey in Changfa Town of Hailun City, referring to the Soil Environmental Quality Standard (GB15618—2018) and
Code for Land Quality Geochemical Evaluation (DZ/T0295—2016), the authors use single index evaluation method to
evaluate the soil nutrients and environment quality in the study area, on this basis, making a superposition analysis of
the two to determine the comprehensive geochemical grades of land quality. The results show that the soil nutrients are
mainly rich and relatively rich, accounting for 37.49% and 62.22% of the total area respectively, lack of B and Mo;
99.94% of the land is risk-free (first grade) and 0.06% is risk-controllable (second grade) which is mainly affected

by Cd and Hg. The comprehensive geochemical evaluation results of land quality indicate that the study area is
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dominated by first-grade (fine) land, accounting for 99.66% of the total evaluation area. The Se-rich land area in
Changfa Town is 19.25 km?, with the soil Se content of 0.4x10°-1.4x107, averagely 0.44x10®. The cultivated land of

138.44 km?, conforming to green food production area, occupies 99.84% of the survey area, among which the green
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Se-rich and green food production areas cover 18.53 km* and 119.91 km? respectively.

Key words: soil nutrient; soil heavy metal; geochemical grade; Hailun City; Heilongjiang Province
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Fig. 1 Location map of the study area
1—Jf% X (survey area); 2—¥{E T 4% X (Hailun municipal district)
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Table 1 Detection limits of analysis methods for
soil element indexes

JCE IR ATk JUE IR ATk
As 0.5 AFS TFe,0; 0.01 ICP-OES
Hg 0.0003 AFS Mn 0.3 ICP-OES
Cd 0.02 ICP-MS B 1 AES
Cr 1.8 XRF Mo 0.06 ICP-MS
Cu 0.9 XRF Co 0.6 ICP-OES
Pb 1 XRF Y 1 ICP-OES
Zn 0.6 XRF Se 0.01 AFS
Ni 0.8 XRF AlLO, 0.02 ICP-OES
N 19 VOL Sio, 0.05 XRF
P 6 XRF Cog 0.03 VOL

K0 0.02 XRF pH 0.1 ISE

Ca0 0.02 ICP-OES || Wdff %l 1.25 VOL

MgO 0.02 ICP-OES B 0.25 ICP-AES
S 26 VoL BAE 1.25 ICP-AES

AL S A %, oAb R 10,

T HOER L2000 7 5 2
D L T 5 - R 27 5 5 A0 K
LS e R R ) T AREEH I, B AT 5L AT AR 5
AR

3 EMMirESHIE
31 TEFHERNS

AR 3T T NP K AP .S Mn,
Cu.Zn.P Mo .Se %5 14 FiE $5 0 RVENIEM 845, FFK
it b o b ER AL A DA TS ) (DZ/T0295—2016 ) )
PR ITR RSN 5 Y —F(FER).
TREEFEE) CHCPSE) ARz ) A (R
Z)(F£2).
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Table 2 Grading standards of soil nutrients

T S o ey o %
(FE)  (BEFER) (hE) (BEez) (=)
AHI0° 2 >1.5~2 >1~1.5 >0.75~1  <0.75
W00 51 >0.8~1 >0.6~0.8  >04~06 <04
4H1/10° 525 >20~25 >15~20 >10~15 <10
HHLF/10°  >40 >30~40 >20~30 >10~20 <10
AfLi5/% >554 >268~554 >1.16~2.68 >0.42~1.16 <042
A%  >215  >1.70~215 >1.20~1.70 >0.70~1.20 <0.70
Fibiki% >530 >4.60~530 >4.15~4.60 >3.40~4.15 <3.40
£4/10°  >15 >1.4~15 >1.3~1.4 >1.2~13 <12
ot >e5 >55~65 >45~55 >30~45 <30
%4/10°  >0.85 >0.65~0.85 >0.55~0.65 >0.45~0.55 <0.45
5110 >700  >600~700  >500~600 >375~500 <375
W/10® 343 >270~343  >219~270  >172~219 <172
#1110 >29 >24~29 >21~24 >16~21 <16
#1070 >84 >71~84 >62~71 >50~62 <50
BAE/L0° 150  >120~150  >90~120 >60~90 <60
HAWE10° >40 >20~40 >10~20 >5~10 <5
HAE/10° 5200 >150~200  >100~150  >50~100 <50

TIEF LR G RIE NP K L AR hR TR 40
BRAL S AF A o3 BER -, $ IR AN (D) LR
BRALSAZRERID [ e
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Table 3 Risk screening values for soil contamination of

agricultural land

SYYIH  pH<55 b55<pH<65  65<pH<75 pH>7.5

7Kk H 0.3 0.4 0.6 0.8
cd

pERili} 0.3 0.3 0.3 0.6

K H 0.5 05 0.6 1
Hg

oAt 1.3 1.8 2.4 34

JKH 30 30 25 20
As

HoAy 40 40 30 25

K H 80 100 140 240
Pb

HoAhy 70 90 120 170

7Kk H 250 250 300 350
Cr

oAl 150 150 200 250

K H 150 150 200 200
Cu

HoAy 50 50 100 100

Ni 60 70 100 190
Zn 200 200 250 300

%W 2020 4F
x4 RAMTEFSEREERE
Table 4 Risk intervention values for soil contamination
of agricultural land
EHYWEH  pH<55 55<pH<6.5 6.5<pH<75 pH>75
Cd 15 2.0 3.0 4.0
Hg 2.0 25 4.0 6.0
As 200 150 120 100
Pb 400 500 700 1000
Cr 800 850 1000 1300
x5 EERRETEZRIXSIRAE
Table 5 Grading standards for single element
of heavy metals
T R b2 A5 —4 5% =4
5 YUK To R AU AT 4 U e
X537 GisS Si<CisG; Ci>Gi
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Table 6 Dividing rules for comprehensive geochemical

grades of land quality
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97%LA I, S. Mn =& A5 b7 BT AL 66.39% |
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TR 88.37% ., 69.70% , AU 4= & (— 25 ) Y - Mo 1
U B 79.07% , T4 — 45 L i SRR
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TE 3K AT RESZ AVt IR A s . AEUARBE RIS R
hAE (Z48) ShE, aral bR R S ALY
92.82% . 98.08%. DX PN AHELZ , HA il DLk =
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Table 7 Results of soil nutrient single index evaluation

i W (—%) BAER () P (=5%) Bz (19%) BRE (T5)
& TR A4 T AL TR A4 T AL TR A4
2R 153.51 97.13 4,01 2.54 0.38 0.24 0.03 0.02 0.12 0.07
B 59.59 37.71 97.05 61.41 1.14 0.72 0.15 0.10 0.12 0.07
sl — — 139.67 88.37 18.27 11.56 — — 0.12 0.07

HHLG 154.66 97.85 2.62 1.66 0.52 0.33 0.13 0.08 0.13 0.08
A A 157.93 99.93 - — — — — — 0.12 0.07
TR 124.97 79.07 31.67 20.04 1.29 0.82 — — 0.12 0.07
TR 28.41 17.98 110.16 69.70 19.15 12.12 0.21 0.13 0.12 0.08
AL 0.08 0.05 0.35 0.22 155.01 98.08 2.50 1.58 0.12 0.07
ALk — — — — 146.70 92.82 11.24 7.11 0.12 0.07
Adeik 463 2.93 107.50 68.02 45.22 28.61 0.58 0.37 0.13 0.08
B 104.93 66.39 51.01 32.28 1.78 1.13 0.20 0.13 0.13 0.08
i 91.82 58.10 58.81 37.21 6.62 4.19 0.68 0.43 0.12 0.07
] — — 0.27 0.17 10.78 6.82 140.87 89.13 6.12 3.87
# 2.81 1.78 8.88 5.62 21.00 13.28 85.68 54.21 39.69 25.11
it 19.25 12.18 138.21 87.45 0.44 0.28 0.15 0.09 — —
FEEFA 59.26 37.49 98.34 62.22 0.31 0.20 0.02 0.01 0.12 0.07

THAREAA : ke,
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Fig. 2 Comprehensive grade evaluation of soil nutrients in Changfa Town
1— —Z5(F 5 ) (first-grade: rich); 2— 2 (%35 ) (second-grade: relatively rich); 3—=2( ¥ %) (third-grade: medium); 4—PU25(#5Z ) (fourth-
grade: relatively deficient); 5—H.%F (=) (fifth-grade: deficient)

AR () RE, 455K RS 37.49% .
62.22%, —. M. A5 AR 0.20% . 0.01% K
0.07%, BB BB IR IR  AEF S SR EY A K.
42 TIEREHIRLFERTMER

W5 X As.Zn .Cd.Cr.Cu.Ni . Hg M Pb )+ 5
G BRI YL PR AR IR T i A AR A SRR (3R 8) 4
B4 () L HEPREE T bR o A 1 1 FL
9% |, HH As. Cu. Zn. Cr. Ni Mik3|—% |35
PREE AR AER LA 100%. 2 (XU AT )
()£ =237 Cd ) Heg TR, TR/,
XFFAM A 7 s i e A, =5 (XU 3 =7 ) i 1
i TATRREAF 9 DX PR LA 40 A SR 5 R R ] D ) o A
FEIX 4 ISR S TR BTN, S5 R - mF R X T
T 157.96 km?, /5 H 99.94% f 3 ok JC KU (— %5 ),
T 0.09 km? (14 RS AT #5 ( 45 ) 1 b7 0.06% , KUK
B (A )BT A (] 3). 28 Bl L 5T X 4 e o
&8 BARPR VR S £5 B TN 35 S BB 5 IX - 3 A5 ol
RO, XA Y - b BRI %X K T &
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Table 8 Single index evaluation results of soil heavy metals

B —HE(TERAR) A (AT
R iR km? BT AR/ km? Ao
As 158.05 100 — —
Hg 158.00 99.97 0.05 0.03
cd 158.01 99.98 0.04 0.02
cr 158.05 100 — —
Cu 158.05 100 — —
Pb 158.05 100 — —
zn 158.05 100 — —
Ni 158.05 100 — —
WG 157.96 99.94 0.09 0.06
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THETR I BRI A 2R G A S IR B B Al
LR SR I 2T b 3 i R AL A 225 S5
250 (K 4) R DX 5 (JoR) D
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Fig. 3 Comprehensive grade evaluation of soil environment in Changfa Town
1—JE UG (risk-free ) ; 2— XU AT (risk controllable )
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Fig. 4 Comprehensive geochemical evaluation of land quality in Changfa Town

1— —ZF (L) (first-grade : fine); 2— "5 (R 4T ) (second-grade: good); 3—=2E(H% ) (third-grade: medium); 4—PUZE (245 ) (fourth-grade: poor)
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(2.29 km?) K @R (2.22 km?) . [0 F b (1.66 km?) . &
DA (1.23 km?) K PEAT(0.77 km?). X EEEL F0E Se
- MR X R R B € Al i EE B LA I
HR AR R AR AR A B XA & Se L bilb AT T
PR R TF 5%, T3 FIRE Se /K FERIAEIEHE 1.7 km?,

77, KB R AR RIS R B . BFFEIX N Se TG &
TOE P (138,11 km?) 43 A e M T 12, RS X
AR 87.38%. & Se Hi(19.36 km?) (5 H°h 12.25%.
fi% Se (0.44 km?) Fz it Se (0.15 km?)HbIX /5 1 50.37%.
VI 1 B9 X e fifidth X A5 X TG Se 12 e b .
442 ZBERAFH

WA X APk i a b AT 138.44 km?,
iR XA AR Y 99.84% , HP 405 Se (A
S 18.53 km? A1 119.91 km? (& 6). 4R (05
Se &= ML A L IE B, FE S TERAER Kk
K, DLRE KRN F. Gt i s/ A A x4
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KRBT R RIRGRAAE Se PLBUKFT KRG I A 1S
R JEE B A M GE R SR, B 2o A X e e
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Fig. 5 Evaluation of soil Se grades in Changfa Town
1— & i ( Se-rich ) ; 2— L1l (Se-sufficient ) ; 3—IKHli (low-Se ) ; 4—Tilfifiit = (Se-deficient )
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Fig. 6 Distribution of green and pollution-free cultivated land resources in Changfa Town

1—&5 (0, 5 Al B 5 77 b ( production place of green Se-rich food); 240 B i 7T i ( production place of green food); 3—JG O EA ST L ( production

place of pollution-free food )
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