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(L. Key Labo;al(;ry' of Soil-Contamination Bioremediation of Zhejiang PrO\'fiilc-é;: Zhejiang Agricultural and Forestry University, Linan 311300, China; 2. Zhejiang Public
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Abstract: Torreya grandis cv. Merillii (T. grandis) is a unique economic tree species in China, which contains rich nutritional, medicinal, and economic values.
Currently, studies on T. grandis mainly focus on fruit quality and high yield measures, and there are few reports on the heavy metal pollution of 7. grandis woodland soil. In
order to study the pollution of soil heavy metals, the T. grandis producing areas (Zhuji, Shengzhou, Keqiao, and Dongyang) in the Kuaiji Mountains in Zhejiang Province,
where T. grandis planting is concentrated , were taken as research objects. A total of 121 soil samples(0-20 cm) were systematically taken, and 13 types of heavy metals( As,
Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb, Sh, Sn, V, and Zn)were analyzed. At the same time, the minimum data set was constructed by combining the principal component analysis
method, and six heavy metal elements (As, Cd, Cr, Cu, Ni, and Zn) that could represent the soil heavy metal element information to the greatest extent were screened out.
Spatial heterogeneity and potential ecological risk of these six heavy metals were studied using geostatistics and other spatial analysis methods. The results indicated that the
average 0(As), o(Cd), (Cr), @(Ni), @(Cu), and @(Zn) in the study area were 14.23, 0. 14, 49.08, 27.05, 28.20, and 109. 93 mg-kg ™", respectively. Additionally
the results by the semi-variance theory model fitting indicated that Cr, Ni, and Zn have strong spatial autocorrelation, whereas Cd, Cu, and As have moderate spdtldl
autocorrelation. Kriging interpolation revealed the spatial distribution pattern of heavy metals in the soils of the study area. The @(Cd), @(Cr), and @(Ni) in Dongyang City
were low, whereas the w(Cd), w(Cr), and @(Ni) were high in some areas of Zhuji City. The accumulation of Cd in Zhuji City, Keqiao Distric, and Shengzhou City was high,
whereas the local accumulation of As in the soil of the study area was the most severe. The high values were mainly distributed in the areas west of Zhuji City and east of
Shengzhou City, whereas the low values were mainly distributed in the areas east of Zhuji City and west of Keqiao District. The results of the single factor pollution index and
Nemerow pollution index showed that the six heavy metals in the study area all exceeded the standard, showing different degrees of accumulation characteristics. The distribution
of heavy metals in Zhuji City was affected by early copper mining and long-term blind and excessive fertilization. The accumulation of heavy metals in other areas was mainly
caused by human activities such as unreasonable fertilization methods, especially the excessive use of phosphate and organic fertilizers by farmers. The evaluation results of
potential ecological hazards showed that the study area was being subjected to a mild degree of harm, with Cd presenting the largest potential risk.

Key words: Torreya grandis cv. Mermillii; soil heavy metals; principal component analysis; geostatistics; ecological risk assessment
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Fig. 1 Spatial location of soil samples



12 TS, AR~ X HIEE S

S 0] S5 S5 A S KU 5951

J& WP 2 mm F10. 149 mm @95 1. 5 © 2 ke
fn e TER A BRI T 85 A B .
FEATEGE A, 35 pH A+ 38 5 4 s 4 1 A
FE R FH SRR 18 ] H B k.
1.3 S/NREME T
FJH 3 143 43 BT A Norm 8 55 16 1 55 /N B8
£k E AR TR T RO R e+
HELSBICEMEE. Nomm (HEEFRTE M1
2423 ] A B (Norm ) K18 | BB 0 3 %
S TERG AT R, X 2R G5 B iR ) . 1145

AT,
RTINS (1)

R, N G ATRAT, w, W3 i AR & A
TS IR, A, A5 kAN GE (.

H R/ N SR LR SR ST R
FAE(E =1, A = 0.5 19 T 4 J8 7T % 19k =41,
ﬁmiﬁﬁkmm@Mﬁ%&%zmém%ﬁ@
WIITE. TR T MR bR ﬁ%i%ﬁé

EE il /N B, |

1.4 LA R &ﬁfi*ﬂ&ﬁ@ﬁﬁ
R 20 B e Okt 2 AT T m%ﬁﬁ
Ba/VE SH T STP T TRSE N P

%ﬁﬁﬁﬁ?&%ﬁi&iAﬁmﬁﬁﬁAﬁﬁ‘
e W%mﬁﬁﬁﬁ&%ﬁ%ﬂxﬁum;f%f

Eéﬁm PAT PRI 1 T,
- *1 HEESESRINE

Table 1  Evaluation criteria for soil heavy metals
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Table 3 Statistical characteristic values of heavy metals in soil
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Table 5 Theoretical semi-variogram models and parameters for soil heavy metals

¢ G A et
A el %E%E <con+{§> s [c«(i +C)1/% K
As BRCRAR Y 147. 00 331. 40 15.42 44. 36 0.721
cd B 0.16 0.35 11.24 45.71 0.725
Cr BRARAL AL 38. 00 243.00 12. 64 15. 64 0. 644
Cu FRER Y 382.00 1216. 00 9.65 31.41 0. 842
Ni RG] 85. 00 883. 00 6.45 9.63 0. 832
Zn 1R ST AR 1 43.00 325. 00 28.8 13.23 0. 846
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== 0.20-7.25 == (.05-0.07 . 5.30-2747

mm 7.25~-10.81 = 0.07-0.09 . 27.47-33.40
10.81-17.86 0.09-0.11 33.40-4557
17.86-31.83 0.11-0.16 45.57-70.57

= 3] §3-59.49 - 0.16~0.25 = 70.57-121.90

. 59 49-114.30 mm 0.25-0.42 - 121.90-227.30

Cu Ni 20

o{Cu)mgkg™ 1 o(Ni)mg-kg™! eXZn)img-kg™!

m. 5.20-10.77 - ] .49-12.87 . 51.10-83.74
mm 10.77-12.88 mm 12.87~18.13 mm 83.74-97.50
12.88~18.45 18.13-29.46 9km 97.50~103.30
18.45~33.16 29 46~53.56 — 103.30~117.10
mm 33.16~72.03 e 53.56-104.90 = 117.10-149.70
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Fig. 2 Spatial distribution maps of the heavy metal concentrations in soil
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Table 7 Calculated results of heavy metals pollution in soils/%
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Fig. 3 Potential ecological risks of heavy metals in soil
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