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磷酸盐和石灰对污染红壤与黄泥土中
重金属铜锌的钝化作用
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摘要：采用外源加入重金属铜锌硝酸盐的方法，制成铜、锌单一及复合的三级污染红壤和黄泥土(Cu 200 mg·kg-1、Zn 400 mg·kg-1)，平衡2个月；分别施入磷酸盐、石灰，稳定4个月后测定土壤中有效态铜、锌的含量，以阐明磷酸盐和石灰对重金属污染土壤中铜锌的钝化作用。结果表明，施入磷酸盐稳定120 d后，两种土壤中有效锌含量都显著降低，红壤中有效铜含量降低了8.3%~11.6%，而黄泥土中有效铜含量变化不明显；施入石灰后，红壤中铜锌有效性含量降低了87.6%~92.3%，黄泥土中有效锌含量降低了90%，而有效铜含量最大降低幅度为47.4%。由此可见，磷酸盐对红壤中铜锌的钝化作用较强，对黄泥土中铜的钝化作用弱；石灰对两种土壤中铜锌的钝化作用都很强；磷酸盐和石灰对单一污染土壤铜锌的钝化固定作用要强于复合污染。
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由于人类不合理的利用和工农业生产的发展，土壤重金属污染日益严重。采取有效的措施来修复重金属污染的土壤已成为当今国内外研究的热点。土壤中施入农用化学品在改良土壤不良性状的同时，降低重金属的有效性，原位固定或钝化重金属，是重金属污染农业土壤修复的发展方向之一。
业已证明磷酸盐作为一种廉价、行之有效的化学改良剂用于铅污染土壤上，钝化效果显著[1-5]，石灰对镉污染土壤的钝化修复效果也很明显[6-10]。但磷酸盐对污染土壤中铜、锌的钝化作用鲜见报道，石灰对铜锌污染土壤，特别是对复合污染铜、锌的钝化作用也少见报道。因此，本文研究了磷酸盐和石灰对单一及复合污染土壤中铜、锌的钝化作用，及其在不同土壤（红壤、黄泥土）上的差异，为污染土壤修复中磷肥、石灰的合理有效施用提供科学依据。
1  材料与方法

1.1  供试土壤

    供试土壤为红壤和黄泥土，分别采自湖南祁阳红壤试验站（N 26°45′36″, E 111°52′12″）和浙江嘉兴（N 30°51′35″, E 120°42′36″）。其中红壤是典型的酸性土，养分含量较低；黄泥土是典型的水稻土，按中国土壤系统分类名为人为土，为中性偏酸性土。供试两种土壤的基本理化性状及重金属有效态含量见表1。

1.2  试验设计与分析方法

采用外源加入铜、锌硝酸盐的方法制成重金属单一与复合污染的土壤，污染水平为土壤环境质量三级标准（两种土壤的pH都小于6.5，因此铜锌加入量均为Cu 200 mg·kg-1、Zn 400 mg·kg-1）；平衡2个月，再分别加入磷酸盐（Ca(H2PO4)2，其用量为P∶重金属总摩尔=4∶1）或石灰（Ca(OH)2，用量2.5 g·kg-1土），稳定4个月后采样土壤测定其有效态铜锌的含量。试验在室温下进行，保持土壤水分含量为田间持水量的70%。试验共设9个处理，分别为（1）单铜污染（Cu），（2）单锌污染（Zn），（3）铜锌复合污染（CuZn），（4）单铜污染施用磷酸盐钝化（Cu-P），（5）单锌污染施用磷酸盐钝化（Zn-P），（6）铜锌复合污染施用磷酸盐钝化（CuZn-P），（7）单铜污染施用石灰钝化（Cu-L），（8）单锌污染施用石灰钝化（Zn-L），（9）铜锌复合污染施用石灰钝化（CuZn-L）。每处理重复三次。

    试验结束后，采集和称取过1 mm筛的干土2.00 g，用16 ml浓度为0.5 mol·L-1的Mg(NO3)2提取，原子吸收分光光度计(SP-3530)测定有效态铜、锌的含量，pH计测定土壤pH。应用统计软件SPSS对结果进行统计分析。以下图表中相同的大写或小写字母都表示在5%水平下差异不显著。

表1  土壤基本理化性状
Table 1  Physical and chemical properties of the soils used
	土壤
	pH
	w(有机质)/ (g·kg-1)
	b(CEC)/(cmol·kg-1)
	w(速效磷)/(mg·kg-1)
	w(速效钾)/(mg·kg-1)
	w(有效态铜)/(mg·kg-1)
	w(有效态锌)/(mg·kg-1)

	红壤
	4.75
	17.8
	5.9
	24.8
	111.6
	0.22
	1.17

	黄泥土
	5.64
	49.7
	16.1
	54.7
	130.0
	0.20
	1.11


2  结果与讨论

2.1  磷酸盐对污染土壤中铜和锌的钝化作用

单一和复合污染红壤中，未施入磷酸盐的有效态铜含量分别为29.0 mg·kg-1和40.0 mg·kg-1；施入磷酸盐的有效态铜含量分别为25.7 mg·kg-1和36.7 mg·kg-1，较未施入磷酸盐时分别降低了11.6%和8.3%（图1）。未施和施入磷酸盐相比，单一、复合污染红壤中有效态锌含量分别降低了4.0%和3.0%。黄泥土中，施入磷酸盐后，单一、复合污染有效态铜含量分别为3.1 mg·kg-1和3.7 mg·kg-1，虽然较未施入磷酸盐时有效态铜含量有所降低，但差异不显著。与未施入磷酸盐相比，黄泥土中单一、复合污染有效态锌含量分别显著降低了4.0%和4.6%。
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                            红壤                                                 黄泥土
图1  施入磷酸盐前后污染土壤中有效态铜锌的含量

Fig. 1  Available Cu and Zn content in the soils before and after phosphate applied

磷酸盐施入土壤后，和土壤中的铅生成了磷氯铅矿之类的难溶矿物而降低了铅的有效性[1-2]。一些研究表明通过X射线衍射法并未在土壤中发现铜、锌和磷酸盐形成的矿物，因此磷酸盐对铜锌的固定机理是不同于对铅的。磷酸盐对铜锌的固定可能是通过表面吸附和络合作用，增加了土壤的表面负电荷，使其吸附量增多，有效态含量降低[4,11]。本试验中，施入磷酸盐，污染红壤中铜、锌的有效性显著降低，所以磷酸盐能够有效钝化或固定污染红壤中的铜、锌；但磷酸盐对污染黄泥土中铜的的固定效果不显著。这可能是因为红壤含有较多的粘土矿物和铁铝氧化物，所带的电荷是可变电荷[12]，施入磷酸盐易改变土壤中的电荷；而黄泥土中所带的电荷少，对铜的专性吸附强，施入磷酸盐不易改变电荷的数量，也就无法增加对铜的吸附。胡红青，罗洪亮等人的研究都表明，可变电荷土壤和恒电荷土壤比较，加入有机酸能够增加土壤表面的负电荷，从而明显的增加了土壤对铜的吸附 [13,14]。 

两种土壤比较，无论是施用磷酸盐与否，红壤中有效态铜锌的含量都显著高于黄泥土（图1）。施入磷酸盐后，红壤中单一污染的有效态铜、锌含量分别较黄泥土中的高88.9%和10.6%。这是因为黄泥土的有机质、CEC、pH都高于红壤，因此对重金属的吸附固定多。但是施入磷酸盐后，红壤中铜的降低量要显著高于黄泥土3~8个百分点，但锌的降低量和黄泥土差异不显著。由此可见，磷酸盐对铜的钝化作用受土壤性质的影响更明显。

施入磷酸盐的红壤，复合污染较铜单一污染相比，土壤有效态铜的含量高30.0%，差异均达显著水平。施入磷酸盐的黄泥土中，铜单一较铜锌复合污染土壤有效态铜含量高16.2%。这说明对复合污染土壤而言，由于铜锌之间存在的相互作用，一种重金属的存在都导致另一种重金属有效态含量增高[15]。
2.2  石灰对污染土壤中铜和锌的钝化作用
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图2  施入石灰前后污染土壤中有效态铜锌的含量

Fig. 2  Available Cu and Zn content in soils before and after lime applied 
施入石灰显著降低了污染土壤中有效态铜锌的含量（图2）。在单一、复合污染红壤中，有效态铜含量分别为4.4 mg·kg-1和4.6 mg·kg-1，较未施入石灰降低了91.4%和92.3%；有效态锌含量分别降低了88.6%和87.6%，为20.2 mg·kg-1和23.4 mg·kg-1。黄泥土单一、复合污染下施用石灰的有效态铜含量均为2.0 mg·kg-1，分别较未施入石灰时降低了39.4%和47.4%；有效态锌含量也降低了90.0%。

施入石灰后，红壤和黄泥土的pH均显著增高。铜单一、锌单一、铜锌复合污染下，红壤的pH为4.5，施用石灰后的pH平均为6.1，升高了26.2%；黄泥土中，施用石灰前后土壤pH分别为5.4和6.7，，土壤pH增加了19.5%（表2）。
表2  施入石灰前后土壤的pH
Table 2  pH of soils before and after lime applied
	处理
	红壤
	
	黄泥土

	
	Cu
	Zn
	CuZn
	Cu
	Zn
	CuZn

	未施石灰
	4.58b
	4.55ab
	4.53a
	5.49c
	5.40b
	5.29a

	施入石灰
	6.20d
	6.13c
	6.10c
	6.77e
	6.65d
	6.63d


以上结果表明，石灰能显著降低污染红壤和黄泥土中重金属铜锌的有效性。并且石灰对污染土壤中铜锌的钝化作用主要是通过影响土壤的pH值来实现的[16]，因为石灰能显著提高土壤pH。土壤pH上升，一方面增加了土壤表面的可变负电荷，促进了土壤胶体对重金属离子的吸附，并降低了吸附态重金属的解吸量；另一方面，由于溶液中的氢离子浓度降低，氢离子的竞争作用减弱，作为土壤吸附重金属的主要载体，如有机质、锰氧化物等与重金属结合的更加牢固，从而使其有效性降低。

从图2中可以看出，施入石灰后，单一污染红壤和黄泥土中有效铜含量较未施入改良剂时分别减少了91.4%和39.4%，复合污染红壤中有效铜的减少量也较黄泥土的减少量高出44.9个百分点。但施入石灰后，比较两种土壤中有效锌的降低量，差异不显著，这和磷酸盐对锌的钝化作用在两种土壤中的对比趋势基本相同。

3  结语
（1）单一、复合污染红壤中，施用磷酸盐土壤有效态铜锌的含量都显著降低。虽然施入磷酸盐，污染黄泥土中有效态锌的含量显著降低，但对铜有效性影响不明显。因此，磷肥作为修复铜锌单一或复合污染土壤的修复剂，其修复能力因土壤类型而异。

（2）单一、复合污染的红壤和黄泥土中，施用石灰土壤的铜锌有效性都显著降低，石灰对污染土壤中铜锌的钝化作用主要是通过改变土壤的pH值来实现。石灰对污染土壤中铜锌的钝化作用要明显强于磷酸盐。
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Effects of phosphate and lime on passivating of Cu and Zn
in single and combined contaminated red and paddy soils
Zhang Qian1, 2, Xu Minggang1, Zhang WenJu1, Chen Miaomiao1
1. Key Lab of Plant Nutrient and Nutrient Cycling, Ministry of Agriculture of China//Institute of Agricultural Resources and Regional Planning,
Chinese Academy of Agricultural Sciences, Beijing 100081, China;
2. Beijing Yiqing Environmental Center, Beijing 100710, China
Abstract: Effects of phosphate and lime on passivating of heavy metals in contaminated red and paddy soils were studied by incubation experiment. It was simulated for the third national standardization of copper and zinc polluted soils by adding copper and zinc nitrate into the soils, respectively and together. Phosphate and lime were applied to the soils after incubated for two months, and then they were incubated for four months subsequently. The available Cu/Zn content was determined at the end of the incubation. Results showed that, compared with the control, phosphate could significantly decrease the available Zn content on single and combined polluted red and paddy soils after balance 120 days. Application of phosphate could significantly decrease the available Cu content from 8.3% to 11.6% on single and combined polluted red soil. However, this effect wasn’t significantly on polluted paddy soil. As for application of lime, it could decrease the available Cu/Zn content in both red and paddy soils significantly. The available Cu/Zn content in red soil decreased from 87.6% to 92.3%. The available Zn content in paddy soil decreased 90% in average, and the maximum decreasing of the available Cu content in paddy soil was only 47.4%. It was suggest that phosphate could reduce the availability of Cu/Zn in red soil significantly, but the effect was not significant for Cu in paddy soil. Application of lime could reduce availability of Cu/Zn in both two soils effectively. The influences of phosphate and lime on passivating of Cu and Zn were greater on single than that of combined metals polluted soils. 

Key words: phosphate; lime; copper; zinc; red soil
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		Zn   Zn-P		Zn   Zn-P		2.7587928535		3.0847682169

		CuZn CuZn-P		CuZn CuZn-P		1.0670682616		2.97193646



未施

施入

施入磷酸盐

w(有效态锌)/(mg·kg-1)

148.8069382576

142.5117315043

151.9984984193

146.490164706



Sheet1

		试验名称：磷酸盐、石灰对污染土壤中重金属铜锌的稳定作用

		试验方法：（1）Cu（铜单一污染，加入量200mg/kg）（2）Zn（锌单一污染，加入量400mg/kg）（3）CuZn（铜锌复合污染，加入量铜200mg/kg、锌400mg/kg）（4）Cu-P（铜单一污染，加入磷酸盐Ca(H2PO4)2稳定化，P用量为重金属摩尔数的4倍）（5）Zn-P（锌单一污染，加入磷酸盐Ca(H2PO4)2稳定化，P用量为重金属摩尔数的4倍）（6）CuZn-P（铜锌复合污染，加入磷酸盐Ca(H2PO4)2稳定化，P用量为总重金属摩尔数的4倍）（7）Cu-L（铜单一污染，加入石灰C

		试验数据：

		红壤																												黄棕壤

		铜		Exch机测		average		标准偏差		Exch实际		average		标准偏差		锌		Exch机测		average		标准偏差		Exch实际		average		标准偏差		铜		Exch机测		average		标准偏差		Exch实际		average		标准偏差		锌		Exch机测		average		标准偏差		Exch实际		average		标准偏差

		Cu-CK1		3.7219		3.6300666667		0.0842653151		29.7752		29.0405333333		0.674122521		Zn-CK1		41.0962		40.8255333333		0.5917095768		167.9897118764		166.883997265		2.4170957434		Cu-CK1		0.4135		0.4069666667		0.0093948567		3.308		3.2557333333		0.075158854		Zn-CK1		36.6321		36.4038		0.6741923835		149.7412863997		148.8069382576		2.7587928535

		Cu-CK2		3.5563						28.4504						Zn-CK2		41.2335						168.5504637822						Cu-CK2		0.3962						3.1696						Zn-CK2		36.9342						150.9772218963

		Cu-CK3		3.612						28.896						Zn-CK3		40.1469						164.1118161363						Cu-CK3		0.4112						3.2896						Zn-CK3		35.6451						145.7023064768

		Cu-P1		3.2658		3.2102666667		0.0758857914		26.1264		25.6821333333		0.607086331		Zn-P1		39.2154		39.234		0.0196763818		160.3052319223		160.3812543887		0.0804217646		Cu-P1		0.3466		0.3824		0.0386631608		2.7728		3.0592		0.3093052861		Zn-P1		34.4097		34.8657666667		0.7535094514		140.6446330367		142.5117315043		3.0847682169

		Cu-P2		3.2412						25.9296						Zn-P2		39.232						160.3730801408						Cu-P2		0.4234						3.3872						Zn-P2		35.7355						146.0723042318

		Cu-P3		3.1238						24.9904						Zn-P3		39.2546						160.4654511031						Cu-P3		0.3772						3.0176						Zn-P3		34.4521						140.8182572445

		Cu-L1		0.3021		0.3123		0.0520549709		2.4168		2.4984		0.4164397676		Zn-L1		5.0295		4.9414333333		0.0981633503		19.6437883038		19.2790089834		0.4066038196		Cu-L1		0.26		0.2459		0.0182403399		2.08		1.9672		0.1459227193		Zn-L1		3.7086		3.7866333333		0.068130194		14.1712870288		14.4946549841		0.28232952

		Cu-L2		0.2661						2.1288						Zn-L2		4.9592						19.3526050683						Cu-L2		0.2524						2.0192						Zn-L2		3.8343						14.6921835148

		Cu-L3		0.3687						2.9496						Zn-L3		4.8356						18.8406335781						Cu-L3		0.2253						1.8024						Zn-L3		3.817						14.6204944088

		CuZn-CK1		5.0239		4.9979666667		0.0298087795		40.1912		39.9837333333		0.2384702357		CuZn-CK1		41.9138		41.5247		0.6570399607		171.3284566956		169.7394341911		2.6832616122		CuZn-CK1		0.4795		0.4785666667		0.010431363		3.836		3.8285333333		0.0834509037		CuZn-CK1		37.1022		37.1838666667		0.2608702615		151.6644714041		151.9984984193		1.0670682616

		CuZn-CK2		5.0046						40.0368						CuZn-CK2		40.7661						166.6414150726						CuZn-CK2		0.4885						3.908						CuZn-CK2		37.4758						153.1926215315

		CuZn-CK3		4.9654						39.7232						CuZn-CK3		41.8942						171.2484308051						CuZn-CK3		0.4677						3.7416						CuZn-CK3		36.9736						151.1384023224

		CuZn-P1		4.5566		4.5900666667		0.0291378334		36.4528		36.7205333333		0.2331026669		CuZn-P1		40.7061		40.3793333333		0.3390544253		166.3963257382		165.0613795741		1.3851800614		CuZn-P1		0.5075		0.4593333333		0.0572763767		4.06		3.6746666667		0.458211014		CuZn-P1		36.6758		35.8376666667		0.7262218486		149.9200785555		146.490164706		2.97193646

		CuZn-P2		4.6098						36.8784						CuZn-P2		40.4027						165.1569024662						CuZn-P2		0.396						3.168						CuZn-P2		35.442						144.8709917088

		CuZn-P3		4.6038						36.8304						CuZn-P3		40.0292						163.6309105179						CuZn-P3		0.4745						3.796						CuZn-P3		35.3952						144.6794238536

		CuZn-L1		0.371		0.3841333333		0.0247661732		2.968		3.0730666667		0.1981293853		CuZn-L1		5.3965		5.437		0.0383665219		21.1637772302		21.3315004397		0.1588875208		CuZn-L1		0.2531		0.2546		0.0013		2.0248		2.0368		0.0104		CuZn-L1		4.0189		4.0258666667		0.0246012872		15.4571137542		15.4859802619		0.1019366864

		CuZn-L2		0.4127						3.3016						CuZn-L2		5.4728						21.4797587681						CuZn-L2		0.2554						2.0432						CuZn-L2		4.0532						15.5992372558

		CuZn-L3		0.3687						2.9496						CuZn-L3		5.4417						21.3509653209						CuZn-L3		0.2553						2.0424						CuZn-L3		4.0055						15.4015897758





Sheet2

		精炼的数值

		红壤

		铜

		单一污染		average		标准偏差		复合污染		average		标准偏差

		Cu-CK		29.0405333333		0.674122521		CuZn-CK2		39.9837333333		0.2384702357

		Cu-L		2.4984		0.4164397676		CuZn-L2		3.0730666667		0.1981293853

		Cu-CK		29.0405333333		0.674122521		CuZn-CK2		39.9837333333		0.2384702357

		Cu-P		25.6821333333		0.607086331		CuZn-P2		36.7205333333		0.2331026669

		锌

		单一污染		average		标准偏差		复合污染		average		标准偏差

		Zn-CK		166.883997265		2.4170957434		CuZn-CK2		169.7394341911		2.6832616122

		Zn-P		160.3812543887		0.0804217646		CuZn-P2		165.0613795741		1.3851800614

		Zn-L		19.2790089834		0.4066038196		CuZn-L2		21.3315004397		0.1588875208





Sheet3

		精炼的数值

		黄泥土

		铜

		单一污染		average		标准偏差		复合污染		average		标准偏差

		Cu-CK		3.2557333333		0.075158854		CuZn-CK2		3.8285333333		0.0834509037

		Cu-P		3.0592		0.3093052861		CuZn-P2		3.6746666667		0.458211014

		Cu-L		1.9672		0.1459227193		CuZn-L2		2.0368		0.0104

		锌

		单一污染		average		标准偏差		复合污染		average		标准偏差

		Zn-CK		148.8069382576		2.7587928535		CuZn-CK2		151.9984984193		1.0670682616

		Zn-P		142.5117315043		3.0847682169		CuZn-P2		146.490164706		2.97193646

		Zn-L		14.4946549841		0.28232952		CuZn-L2		15.4859802619		0.1019366864
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		166.883997265		160.3812543887		2.4170957434		0.0804217646

		169.7394341911		165.0613795741		2.6832616122		1.3851800614



未施

施入

施入磷酸盐

w(有效态锌)/(mg·kg-1)
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		3.2557333333		3.0592		0.075158854		0.3093052861

		3.8285333333		3.6746666667		0.0834509037		0.458211014



未施

施入

施入磷酸盐

w(有效态铜)/(mg·kg-1)



		148.8069382576		142.5117315043		2.7587928535		3.0847682169

		151.9984984193		146.490164706		1.0670682616		2.97193646



未施

施入

施入磷酸盐

w(有效态锌)/(mg·kg-1)



		29.0405333333		25.6821333333		0.674122521		0.607086331

		39.9837333333		36.7205333333		0.2384702357		0.2331026669
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		石灰对污染土壤中重金属铜锌的稳定作用

																		Cu   Cu-L

																		CuZn CuZn-L

																		Zn   Zn-L

																		CuZn CuZn-L
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		29.0405333333		2.4984		0.674122521		0.4164397676

		39.9837333333		3.0730666667		0.2384702357		0.1981293853



未施

施入

施入石灰

w(有效态铜)/(mg·kg-1)



		3.2557333333		1.9672		0.075158854		0.1459227193

		3.8285333333		2.0368		0.0834509037		0.0104



未施

施入

施入石灰

w(有效态铜)/(mg·kg-1)



		148.8069382576		14.4946549841		2.7587928535		0.28232952

		151.9984984193		15.4859802619		1.0670682616		0.1019366864



未施

施入

施入石灰

w(有效态锌)/(mg·kg-1)



		166.883997265		19.2790089834		2.4170957434		0.4066038196

		169.7394341911		21.3315004397		2.6832616122		0.1588875208



未施

施入

施入石灰

w(有效态锌)/(mg·kg-1)
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		Cu   Cu-L		Cu   Cu-L		0.075158854		0.1459227193

		CuZn CuZn-L		CuZn CuZn-L		0.0834509037		0.0104



未施

施入

施入石灰

w(有效态铜)/(mg·kg-1)

3.2557333333
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Sheet1

		试验名称：磷酸盐、石灰对污染土壤中重金属铜锌的稳定作用

		试验方法：（1）Cu（铜单一污染，加入量200mg/kg）（2）Zn（锌单一污染，加入量400mg/kg）（3）CuZn（铜锌复合污染，加入量铜200mg/kg、锌400mg/kg）（4）Cu-P（铜单一污染，加入磷酸盐Ca(H2PO4)2稳定化，P用量为重金属摩尔数的4倍）（5）Zn-P（锌单一污染，加入磷酸盐Ca(H2PO4)2稳定化，P用量为重金属摩尔数的4倍）（6）CuZn-P（铜锌复合污染，加入磷酸盐Ca(H2PO4)2稳定化，P用量为总重金属摩尔数的4倍）（7）Cu-L（铜单一污染，加入石灰C

		试验数据：

		红壤																												黄棕壤

		铜		Exch机测		average		标准偏差		Exch实际		average		标准偏差		锌		Exch机测		average		标准偏差		Exch实际		average		标准偏差		铜		Exch机测		average		标准偏差		Exch实际		average		标准偏差		锌		Exch机测		average		标准偏差		Exch实际		average		标准偏差

		Cu-CK1		3.7219		3.6300666667		0.0842653151		29.7752		29.0405333333		0.674122521		Zn-CK1		41.0962		40.8255333333		0.5917095768		167.9897118764		166.883997265		2.4170957434		Cu-CK1		0.4135		0.4069666667		0.0093948567		3.308		3.2557333333		0.075158854		Zn-CK1		36.6321		36.4038		0.6741923835		149.7412863997		148.8069382576		2.7587928535

		Cu-CK2		3.5563						28.4504						Zn-CK2		41.2335						168.5504637822						Cu-CK2		0.3962						3.1696						Zn-CK2		36.9342						150.9772218963

		Cu-CK3		3.612						28.896						Zn-CK3		40.1469						164.1118161363						Cu-CK3		0.4112						3.2896						Zn-CK3		35.6451						145.7023064768

		Cu-P1		3.2658		3.2102666667		0.0758857914		26.1264		25.6821333333		0.607086331		Zn-P1		39.2154		39.234		0.0196763818		160.3052319223		160.3812543887		0.0804217646		Cu-P1		0.3466		0.3824		0.0386631608		2.7728		3.0592		0.3093052861		Zn-P1		34.4097		34.8657666667		0.7535094514		140.6446330367		142.5117315043		3.0847682169

		Cu-P2		3.2412						25.9296						Zn-P2		39.232						160.3730801408						Cu-P2		0.4234						3.3872						Zn-P2		35.7355						146.0723042318

		Cu-P3		3.1238						24.9904						Zn-P3		39.2546						160.4654511031						Cu-P3		0.3772						3.0176						Zn-P3		34.4521						140.8182572445

		Cu-L1		0.3021		0.3123		0.0520549709		2.4168		2.4984		0.4164397676		Zn-L1		5.0295		4.9414333333		0.0981633503		19.6437883038		19.2790089834		0.4066038196		Cu-L1		0.26		0.2459		0.0182403399		2.08		1.9672		0.1459227193		Zn-L1		3.7086		3.7866333333		0.068130194		14.1712870288		14.4946549841		0.28232952

		Cu-L2		0.2661						2.1288						Zn-L2		4.9592						19.3526050683						Cu-L2		0.2524						2.0192						Zn-L2		3.8343						14.6921835148

		Cu-L3		0.3687						2.9496						Zn-L3		4.8356						18.8406335781						Cu-L3		0.2253						1.8024						Zn-L3		3.817						14.6204944088

		CuZn-CK1		5.0239		4.9979666667		0.0298087795		40.1912		39.9837333333		0.2384702357		CuZn-CK1		41.9138		41.5247		0.6570399607		171.3284566956		169.7394341911		2.6832616122		CuZn-CK1		0.4795		0.4785666667		0.010431363		3.836		3.8285333333		0.0834509037		CuZn-CK1		37.1022		37.1838666667		0.2608702615		151.6644714041		151.9984984193		1.0670682616

		CuZn-CK2		5.0046						40.0368						CuZn-CK2		40.7661						166.6414150726						CuZn-CK2		0.4885						3.908						CuZn-CK2		37.4758						153.1926215315

		CuZn-CK3		4.9654						39.7232						CuZn-CK3		41.8942						171.2484308051						CuZn-CK3		0.4677						3.7416						CuZn-CK3		36.9736						151.1384023224

		CuZn-P1		4.5566		4.5900666667		0.0291378334		36.4528		36.7205333333		0.2331026669		CuZn-P1		40.7061		40.3793333333		0.3390544253		166.3963257382		165.0613795741		1.3851800614		CuZn-P1		0.5075		0.4593333333		0.0572763767		4.06		3.6746666667		0.458211014		CuZn-P1		36.6758		35.8376666667		0.7262218486		149.9200785555		146.490164706		2.97193646

		CuZn-P2		4.6098						36.8784						CuZn-P2		40.4027						165.1569024662						CuZn-P2		0.396						3.168						CuZn-P2		35.442						144.8709917088

		CuZn-P3		4.6038						36.8304						CuZn-P3		40.0292						163.6309105179						CuZn-P3		0.4745						3.796						CuZn-P3		35.3952						144.6794238536

		CuZn-L1		0.371		0.3841333333		0.0247661732		2.968		3.0730666667		0.1981293853		CuZn-L1		5.3965		5.437		0.0383665219		21.1637772302		21.3315004397		0.1588875208		CuZn-L1		0.2531		0.2546		0.0013		2.0248		2.0368		0.0104		CuZn-L1		4.0189		4.0258666667		0.0246012872		15.4571137542		15.4859802619		0.1019366864

		CuZn-L2		0.4127						3.3016						CuZn-L2		5.4728						21.4797587681						CuZn-L2		0.2554						2.0432						CuZn-L2		4.0532						15.5992372558

		CuZn-L3		0.3687						2.9496						CuZn-L3		5.4417						21.3509653209						CuZn-L3		0.2553						2.0424						CuZn-L3		4.0055						15.4015897758





Sheet2

		精炼的数值

		红壤

		铜

		单一污染		average		标准偏差		复合污染		average		标准偏差

		Cu-CK		29.0405333333		0.674122521		CuZn-CK2		39.9837333333		0.2384702357

		Cu-L		2.4984		0.4164397676		CuZn-L2		3.0730666667		0.1981293853

		Cu-CK		29.0405333333		0.674122521		CuZn-CK2		39.9837333333		0.2384702357

		Cu-P		25.6821333333		0.607086331		CuZn-P2		36.7205333333		0.2331026669

		锌

		单一污染		average		标准偏差		复合污染		average		标准偏差

		Zn-CK		166.883997265		2.4170957434		CuZn-CK2		169.7394341911		2.6832616122

		Zn-P		160.3812543887		0.0804217646		CuZn-P2		165.0613795741		1.3851800614

		Zn-L		19.2790089834		0.4066038196		CuZn-L2		21.3315004397		0.1588875208





Sheet3

		精炼的数值

		黄泥土

		铜

		单一污染		average		标准偏差		复合污染		average		标准偏差

		Cu-CK		3.2557333333		0.075158854		CuZn-CK2		3.8285333333		0.0834509037

		Cu-P		3.0592		0.3093052861		CuZn-P2		3.6746666667		0.458211014

		Cu-L		1.9672		0.1459227193		CuZn-L2		2.0368		0.0104

		锌

		单一污染		average		标准偏差		复合污染		average		标准偏差

		Zn-CK		148.8069382576		2.7587928535		CuZn-CK2		151.9984984193		1.0670682616

		Zn-P		142.5117315043		3.0847682169		CuZn-P2		146.490164706		2.97193646

		Zn-L		14.4946549841		0.28232952		CuZn-L2		15.4859802619		0.1019366864





Sheet4

		

		磷酸盐对污染土壤中重金属铜锌的稳定作用

						红壤										黄泥土

						红壤										黄泥土

																						横坐标

																						Cu   Cu-P

																						CuZn CuZn-P

																						Zn   Zn-P

																						CuZn CuZn-P





Sheet4

		166.883997265		160.3812543887		2.4170957434		0.0804217646

		169.7394341911		165.0613795741		2.6832616122		1.3851800614



未施

施入

施入磷酸盐

w(有效态锌)/(mg·kg-1)



Sheet5

		3.2557333333		3.0592		0.075158854		0.3093052861

		3.8285333333		3.6746666667		0.0834509037		0.458211014



未施

施入

施入磷酸盐

w(有效态铜)/(mg·kg-1)



		148.8069382576		142.5117315043		2.7587928535		3.0847682169

		151.9984984193		146.490164706		1.0670682616		2.97193646



未施

施入

施入磷酸盐

w(有效态锌)/(mg·kg-1)



		29.0405333333		25.6821333333		0.674122521		0.607086331

		39.9837333333		36.7205333333		0.2384702357		0.2331026669



未施磷酸盐

施入磷酸盐

施入磷酸盐

w(有效态铜)/(mg·kg-1)



		

		石灰对污染土壤中重金属铜锌的稳定作用

																		Cu   Cu-L

																		CuZn CuZn-L

																		Zn   Zn-L

																		CuZn CuZn-L

						红壤										黄泥土

						红壤										黄泥土





		29.0405333333		2.4984		0.674122521		0.4164397676

		39.9837333333		3.0730666667		0.2384702357		0.1981293853



未施

施入

施入石灰

w(有效态铜)/(mg·kg-1)



		3.2557333333		1.9672		0.075158854		0.1459227193

		3.8285333333		2.0368		0.0834509037		0.0104



未施

施入

施入石灰

w(有效态铜)/(mg·kg-1)



		148.8069382576		14.4946549841		2.7587928535		0.28232952

		151.9984984193		15.4859802619		1.0670682616		0.1019366864



未施

施入

施入石灰

w(有效态锌)/(mg·kg-1)



		166.883997265		19.2790089834		2.4170957434		0.4066038196

		169.7394341911		21.3315004397		2.6832616122		0.1588875208



未施

施入

施入石灰

w(有效态锌)/(mg·kg-1)




_1275848101.xls
Chart11

		Zn   Zn-L		Zn   Zn-L		2.4170957434		0.4066038196

		CuZn CuZn-L		CuZn CuZn-L		2.6832616122		0.1588875208



未施

施入

施入石灰

w(有效态锌)/(mg·kg-1)

166.883997265

19.2790089834

169.7394341911

21.3315004397



Sheet1

		试验名称：磷酸盐、石灰对污染土壤中重金属铜锌的稳定作用

		试验方法：（1）Cu（铜单一污染，加入量200mg/kg）（2）Zn（锌单一污染，加入量400mg/kg）（3）CuZn（铜锌复合污染，加入量铜200mg/kg、锌400mg/kg）（4）Cu-P（铜单一污染，加入磷酸盐Ca(H2PO4)2稳定化，P用量为重金属摩尔数的4倍）（5）Zn-P（锌单一污染，加入磷酸盐Ca(H2PO4)2稳定化，P用量为重金属摩尔数的4倍）（6）CuZn-P（铜锌复合污染，加入磷酸盐Ca(H2PO4)2稳定化，P用量为总重金属摩尔数的4倍）（7）Cu-L（铜单一污染，加入石灰C

		试验数据：

		红壤																												黄棕壤

		铜		Exch机测		average		标准偏差		Exch实际		average		标准偏差		锌		Exch机测		average		标准偏差		Exch实际		average		标准偏差		铜		Exch机测		average		标准偏差		Exch实际		average		标准偏差		锌		Exch机测		average		标准偏差		Exch实际		average		标准偏差

		Cu-CK1		3.7219		3.6300666667		0.0842653151		29.7752		29.0405333333		0.674122521		Zn-CK1		41.0962		40.8255333333		0.5917095768		167.9897118764		166.883997265		2.4170957434		Cu-CK1		0.4135		0.4069666667		0.0093948567		3.308		3.2557333333		0.075158854		Zn-CK1		36.6321		36.4038		0.6741923835		149.7412863997		148.8069382576		2.7587928535

		Cu-CK2		3.5563						28.4504						Zn-CK2		41.2335						168.5504637822						Cu-CK2		0.3962						3.1696						Zn-CK2		36.9342						150.9772218963

		Cu-CK3		3.612						28.896						Zn-CK3		40.1469						164.1118161363						Cu-CK3		0.4112						3.2896						Zn-CK3		35.6451						145.7023064768

		Cu-P1		3.2658		3.2102666667		0.0758857914		26.1264		25.6821333333		0.607086331		Zn-P1		39.2154		39.234		0.0196763818		160.3052319223		160.3812543887		0.0804217646		Cu-P1		0.3466		0.3824		0.0386631608		2.7728		3.0592		0.3093052861		Zn-P1		34.4097		34.8657666667		0.7535094514		140.6446330367		142.5117315043		3.0847682169

		Cu-P2		3.2412						25.9296						Zn-P2		39.232						160.3730801408						Cu-P2		0.4234						3.3872						Zn-P2		35.7355						146.0723042318

		Cu-P3		3.1238						24.9904						Zn-P3		39.2546						160.4654511031						Cu-P3		0.3772						3.0176						Zn-P3		34.4521						140.8182572445

		Cu-L1		0.3021		0.3123		0.0520549709		2.4168		2.4984		0.4164397676		Zn-L1		5.0295		4.9414333333		0.0981633503		19.6437883038		19.2790089834		0.4066038196		Cu-L1		0.26		0.2459		0.0182403399		2.08		1.9672		0.1459227193		Zn-L1		3.7086		3.7866333333		0.068130194		14.1712870288		14.4946549841		0.28232952

		Cu-L2		0.2661						2.1288						Zn-L2		4.9592						19.3526050683						Cu-L2		0.2524						2.0192						Zn-L2		3.8343						14.6921835148

		Cu-L3		0.3687						2.9496						Zn-L3		4.8356						18.8406335781						Cu-L3		0.2253						1.8024						Zn-L3		3.817						14.6204944088

		CuZn-CK1		5.0239		4.9979666667		0.0298087795		40.1912		39.9837333333		0.2384702357		CuZn-CK1		41.9138		41.5247		0.6570399607		171.3284566956		169.7394341911		2.6832616122		CuZn-CK1		0.4795		0.4785666667		0.010431363		3.836		3.8285333333		0.0834509037		CuZn-CK1		37.1022		37.1838666667		0.2608702615		151.6644714041		151.9984984193		1.0670682616

		CuZn-CK2		5.0046						40.0368						CuZn-CK2		40.7661						166.6414150726						CuZn-CK2		0.4885						3.908						CuZn-CK2		37.4758						153.1926215315

		CuZn-CK3		4.9654						39.7232						CuZn-CK3		41.8942						171.2484308051						CuZn-CK3		0.4677						3.7416						CuZn-CK3		36.9736						151.1384023224

		CuZn-P1		4.5566		4.5900666667		0.0291378334		36.4528		36.7205333333		0.2331026669		CuZn-P1		40.7061		40.3793333333		0.3390544253		166.3963257382		165.0613795741		1.3851800614		CuZn-P1		0.5075		0.4593333333		0.0572763767		4.06		3.6746666667		0.458211014		CuZn-P1		36.6758		35.8376666667		0.7262218486		149.9200785555		146.490164706		2.97193646

		CuZn-P2		4.6098						36.8784						CuZn-P2		40.4027						165.1569024662						CuZn-P2		0.396						3.168						CuZn-P2		35.442						144.8709917088

		CuZn-P3		4.6038						36.8304						CuZn-P3		40.0292						163.6309105179						CuZn-P3		0.4745						3.796						CuZn-P3		35.3952						144.6794238536

		CuZn-L1		0.371		0.3841333333		0.0247661732		2.968		3.0730666667		0.1981293853		CuZn-L1		5.3965		5.437		0.0383665219		21.1637772302		21.3315004397		0.1588875208		CuZn-L1		0.2531		0.2546		0.0013		2.0248		2.0368		0.0104		CuZn-L1		4.0189		4.0258666667		0.0246012872		15.4571137542		15.4859802619		0.1019366864

		CuZn-L2		0.4127						3.3016						CuZn-L2		5.4728						21.4797587681						CuZn-L2		0.2554						2.0432						CuZn-L2		4.0532						15.5992372558

		CuZn-L3		0.3687						2.9496						CuZn-L3		5.4417						21.3509653209						CuZn-L3		0.2553						2.0424						CuZn-L3		4.0055						15.4015897758





Sheet2

		精炼的数值

		红壤

		铜

		单一污染		average		标准偏差		复合污染		average		标准偏差

		Cu-CK		29.0405333333		0.674122521		CuZn-CK2		39.9837333333		0.2384702357

		Cu-L		2.4984		0.4164397676		CuZn-L2		3.0730666667		0.1981293853

		Cu-CK		29.0405333333		0.674122521		CuZn-CK2		39.9837333333		0.2384702357

		Cu-P		25.6821333333		0.607086331		CuZn-P2		36.7205333333		0.2331026669

		锌

		单一污染		average		标准偏差		复合污染		average		标准偏差

		Zn-CK		166.883997265		2.4170957434		CuZn-CK2		169.7394341911		2.6832616122

		Zn-P		160.3812543887		0.0804217646		CuZn-P2		165.0613795741		1.3851800614

		Zn-L		19.2790089834		0.4066038196		CuZn-L2		21.3315004397		0.1588875208





Sheet3

		精炼的数值

		黄泥土

		铜

		单一污染		average		标准偏差		复合污染		average		标准偏差

		Cu-CK		3.2557333333		0.075158854		CuZn-CK2		3.8285333333		0.0834509037

		Cu-P		3.0592		0.3093052861		CuZn-P2		3.6746666667		0.458211014

		Cu-L		1.9672		0.1459227193		CuZn-L2		2.0368		0.0104

		锌

		单一污染		average		标准偏差		复合污染		average		标准偏差

		Zn-CK		148.8069382576		2.7587928535		CuZn-CK2		151.9984984193		1.0670682616

		Zn-P		142.5117315043		3.0847682169		CuZn-P2		146.490164706		2.97193646

		Zn-L		14.4946549841		0.28232952		CuZn-L2		15.4859802619		0.1019366864





Sheet4

		

		磷酸盐对污染土壤中重金属铜锌的稳定作用

						红壤										黄泥土

						红壤										黄泥土

																						横坐标

																						Cu   Cu-P

																						CuZn CuZn-P

																						Zn   Zn-P

																						CuZn CuZn-P





Sheet4

		166.883997265		160.3812543887		2.4170957434		0.0804217646

		169.7394341911		165.0613795741		2.6832616122		1.3851800614



未施

施入

施入磷酸盐

w(有效态锌)/(mg·kg-1)



Sheet5

		3.2557333333		3.0592		0.075158854		0.3093052861

		3.8285333333		3.6746666667		0.0834509037		0.458211014



未施

施入

施入磷酸盐

w(有效态铜)/(mg·kg-1)



		148.8069382576		142.5117315043		2.7587928535		3.0847682169

		151.9984984193		146.490164706		1.0670682616		2.97193646



未施

施入

施入磷酸盐

w(有效态锌)/(mg·kg-1)



		29.0405333333		25.6821333333		0.674122521		0.607086331

		39.9837333333		36.7205333333		0.2384702357		0.2331026669



未施磷酸盐

施入磷酸盐

施入磷酸盐

w(有效态铜)/(mg·kg-1)



		

		石灰对污染土壤中重金属铜锌的稳定作用

																		Cu   Cu-L

																		CuZn CuZn-L

																		Zn   Zn-L

																		CuZn CuZn-L

						红壤										黄泥土

						红壤										黄泥土





		29.0405333333		2.4984		0.674122521		0.4164397676

		39.9837333333		3.0730666667		0.2384702357		0.1981293853



未施

施入

施入石灰

w(有效态铜)/(mg·kg-1)



		3.2557333333		1.9672		0.075158854		0.1459227193

		3.8285333333		2.0368		0.0834509037		0.0104



未施

施入

施入石灰

w(有效态铜)/(mg·kg-1)



		148.8069382576		14.4946549841		2.7587928535		0.28232952

		151.9984984193		15.4859802619		1.0670682616		0.1019366864



未施

施入

施入石灰

w(有效态锌)/(mg·kg-1)



		166.883997265		19.2790089834		2.4170957434		0.4066038196

		169.7394341911		21.3315004397		2.6832616122		0.1588875208



未施

施入

施入石灰

w(有效态锌)/(mg·kg-1)




_1275847957.xls
Chart9

		Zn   Zn-L		Zn   Zn-L		2.7587928535		0.28232952

		CuZn CuZn-L		CuZn CuZn-L		1.0670682616		0.1019366864



未施

施入

施入石灰

w(有效态锌)/(mg·kg-1)

148.8069382576

14.4946549841

151.9984984193

15.4859802619



Sheet1

		试验名称：磷酸盐、石灰对污染土壤中重金属铜锌的稳定作用

		试验方法：（1）Cu（铜单一污染，加入量200mg/kg）（2）Zn（锌单一污染，加入量400mg/kg）（3）CuZn（铜锌复合污染，加入量铜200mg/kg、锌400mg/kg）（4）Cu-P（铜单一污染，加入磷酸盐Ca(H2PO4)2稳定化，P用量为重金属摩尔数的4倍）（5）Zn-P（锌单一污染，加入磷酸盐Ca(H2PO4)2稳定化，P用量为重金属摩尔数的4倍）（6）CuZn-P（铜锌复合污染，加入磷酸盐Ca(H2PO4)2稳定化，P用量为总重金属摩尔数的4倍）（7）Cu-L（铜单一污染，加入石灰C

		试验数据：

		红壤																												黄棕壤

		铜		Exch机测		average		标准偏差		Exch实际		average		标准偏差		锌		Exch机测		average		标准偏差		Exch实际		average		标准偏差		铜		Exch机测		average		标准偏差		Exch实际		average		标准偏差		锌		Exch机测		average		标准偏差		Exch实际		average		标准偏差

		Cu-CK1		3.7219		3.6300666667		0.0842653151		29.7752		29.0405333333		0.674122521		Zn-CK1		41.0962		40.8255333333		0.5917095768		167.9897118764		166.883997265		2.4170957434		Cu-CK1		0.4135		0.4069666667		0.0093948567		3.308		3.2557333333		0.075158854		Zn-CK1		36.6321		36.4038		0.6741923835		149.7412863997		148.8069382576		2.7587928535

		Cu-CK2		3.5563						28.4504						Zn-CK2		41.2335						168.5504637822						Cu-CK2		0.3962						3.1696						Zn-CK2		36.9342						150.9772218963

		Cu-CK3		3.612						28.896						Zn-CK3		40.1469						164.1118161363						Cu-CK3		0.4112						3.2896						Zn-CK3		35.6451						145.7023064768

		Cu-P1		3.2658		3.2102666667		0.0758857914		26.1264		25.6821333333		0.607086331		Zn-P1		39.2154		39.234		0.0196763818		160.3052319223		160.3812543887		0.0804217646		Cu-P1		0.3466		0.3824		0.0386631608		2.7728		3.0592		0.3093052861		Zn-P1		34.4097		34.8657666667		0.7535094514		140.6446330367		142.5117315043		3.0847682169

		Cu-P2		3.2412						25.9296						Zn-P2		39.232						160.3730801408						Cu-P2		0.4234						3.3872						Zn-P2		35.7355						146.0723042318

		Cu-P3		3.1238						24.9904						Zn-P3		39.2546						160.4654511031						Cu-P3		0.3772						3.0176						Zn-P3		34.4521						140.8182572445

		Cu-L1		0.3021		0.3123		0.0520549709		2.4168		2.4984		0.4164397676		Zn-L1		5.0295		4.9414333333		0.0981633503		19.6437883038		19.2790089834		0.4066038196		Cu-L1		0.26		0.2459		0.0182403399		2.08		1.9672		0.1459227193		Zn-L1		3.7086		3.7866333333		0.068130194		14.1712870288		14.4946549841		0.28232952

		Cu-L2		0.2661						2.1288						Zn-L2		4.9592						19.3526050683						Cu-L2		0.2524						2.0192						Zn-L2		3.8343						14.6921835148

		Cu-L3		0.3687						2.9496						Zn-L3		4.8356						18.8406335781						Cu-L3		0.2253						1.8024						Zn-L3		3.817						14.6204944088

		CuZn-CK1		5.0239		4.9979666667		0.0298087795		40.1912		39.9837333333		0.2384702357		CuZn-CK1		41.9138		41.5247		0.6570399607		171.3284566956		169.7394341911		2.6832616122		CuZn-CK1		0.4795		0.4785666667		0.010431363		3.836		3.8285333333		0.0834509037		CuZn-CK1		37.1022		37.1838666667		0.2608702615		151.6644714041		151.9984984193		1.0670682616

		CuZn-CK2		5.0046						40.0368						CuZn-CK2		40.7661						166.6414150726						CuZn-CK2		0.4885						3.908						CuZn-CK2		37.4758						153.1926215315

		CuZn-CK3		4.9654						39.7232						CuZn-CK3		41.8942						171.2484308051						CuZn-CK3		0.4677						3.7416						CuZn-CK3		36.9736						151.1384023224

		CuZn-P1		4.5566		4.5900666667		0.0291378334		36.4528		36.7205333333		0.2331026669		CuZn-P1		40.7061		40.3793333333		0.3390544253		166.3963257382		165.0613795741		1.3851800614		CuZn-P1		0.5075		0.4593333333		0.0572763767		4.06		3.6746666667		0.458211014		CuZn-P1		36.6758		35.8376666667		0.7262218486		149.9200785555		146.490164706		2.97193646

		CuZn-P2		4.6098						36.8784						CuZn-P2		40.4027						165.1569024662						CuZn-P2		0.396						3.168						CuZn-P2		35.442						144.8709917088

		CuZn-P3		4.6038						36.8304						CuZn-P3		40.0292						163.6309105179						CuZn-P3		0.4745						3.796						CuZn-P3		35.3952						144.6794238536

		CuZn-L1		0.371		0.3841333333		0.0247661732		2.968		3.0730666667		0.1981293853		CuZn-L1		5.3965		5.437		0.0383665219		21.1637772302		21.3315004397		0.1588875208		CuZn-L1		0.2531		0.2546		0.0013		2.0248		2.0368		0.0104		CuZn-L1		4.0189		4.0258666667		0.0246012872		15.4571137542		15.4859802619		0.1019366864

		CuZn-L2		0.4127						3.3016						CuZn-L2		5.4728						21.4797587681						CuZn-L2		0.2554						2.0432						CuZn-L2		4.0532						15.5992372558

		CuZn-L3		0.3687						2.9496						CuZn-L3		5.4417						21.3509653209						CuZn-L3		0.2553						2.0424						CuZn-L3		4.0055						15.4015897758





Sheet2

		精炼的数值

		红壤

		铜

		单一污染		average		标准偏差		复合污染		average		标准偏差

		Cu-CK		29.0405333333		0.674122521		CuZn-CK2		39.9837333333		0.2384702357

		Cu-L		2.4984		0.4164397676		CuZn-L2		3.0730666667		0.1981293853

		Cu-CK		29.0405333333		0.674122521		CuZn-CK2		39.9837333333		0.2384702357

		Cu-P		25.6821333333		0.607086331		CuZn-P2		36.7205333333		0.2331026669

		锌

		单一污染		average		标准偏差		复合污染		average		标准偏差

		Zn-CK		166.883997265		2.4170957434		CuZn-CK2		169.7394341911		2.6832616122

		Zn-P		160.3812543887		0.0804217646		CuZn-P2		165.0613795741		1.3851800614

		Zn-L		19.2790089834		0.4066038196		CuZn-L2		21.3315004397		0.1588875208





Sheet3

		精炼的数值

		黄泥土

		铜

		单一污染		average		标准偏差		复合污染		average		标准偏差

		Cu-CK		3.2557333333		0.075158854		CuZn-CK2		3.8285333333		0.0834509037

		Cu-P		3.0592		0.3093052861		CuZn-P2		3.6746666667		0.458211014

		Cu-L		1.9672		0.1459227193		CuZn-L2		2.0368		0.0104

		锌

		单一污染		average		标准偏差		复合污染		average		标准偏差

		Zn-CK		148.8069382576		2.7587928535		CuZn-CK2		151.9984984193		1.0670682616

		Zn-P		142.5117315043		3.0847682169		CuZn-P2		146.490164706		2.97193646

		Zn-L		14.4946549841		0.28232952		CuZn-L2		15.4859802619		0.1019366864





Sheet4

		

		磷酸盐对污染土壤中重金属铜锌的稳定作用

						红壤										黄泥土

						红壤										黄泥土

																						横坐标

																						Cu   Cu-P

																						CuZn CuZn-P

																						Zn   Zn-P

																						CuZn CuZn-P





Sheet4

		166.883997265		160.3812543887		2.4170957434		0.0804217646

		169.7394341911		165.0613795741		2.6832616122		1.3851800614



未施

施入

施入磷酸盐

w(有效态锌)/(mg·kg-1)



Sheet5

		3.2557333333		3.0592		0.075158854		0.3093052861

		3.8285333333		3.6746666667		0.0834509037		0.458211014



未施

施入

施入磷酸盐

w(有效态铜)/(mg·kg-1)



		148.8069382576		142.5117315043		2.7587928535		3.0847682169

		151.9984984193		146.490164706		1.0670682616		2.97193646



未施

施入

施入磷酸盐

w(有效态锌)/(mg·kg-1)



		29.0405333333		25.6821333333		0.674122521		0.607086331

		39.9837333333		36.7205333333		0.2384702357		0.2331026669



未施磷酸盐

施入磷酸盐

施入磷酸盐

w(有效态铜)/(mg·kg-1)



		

		石灰对污染土壤中重金属铜锌的稳定作用

																		Cu   Cu-L

																		CuZn CuZn-L

																		Zn   Zn-L

																		CuZn CuZn-L

						红壤										黄泥土

						红壤										黄泥土





		29.0405333333		2.4984		0.674122521		0.4164397676

		39.9837333333		3.0730666667		0.2384702357		0.1981293853



未施

施入

施入石灰

w(有效态铜)/(mg·kg-1)



		3.2557333333		1.9672		0.075158854		0.1459227193

		3.8285333333		2.0368		0.0834509037		0.0104



未施

施入

施入石灰

w(有效态铜)/(mg·kg-1)



		148.8069382576		14.4946549841		2.7587928535		0.28232952

		151.9984984193		15.4859802619		1.0670682616		0.1019366864



未施

施入

施入石灰

w(有效态锌)/(mg·kg-1)



		166.883997265		19.2790089834		2.4170957434		0.4066038196

		169.7394341911		21.3315004397		2.6832616122		0.1588875208



未施

施入

施入石灰

w(有效态锌)/(mg·kg-1)
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Chart6

		Cu   Cu-L		Cu   Cu-L		0.674122521		0.4164397676

		CuZn CuZn-L		CuZn CuZn-L		0.2384702357		0.1981293853



未施

施入

施入石灰

w(有效态铜)/(mg·kg-1)

29.0405333333

2.4984

39.9837333333

3.0730666667



Sheet1

		试验名称：磷酸盐、石灰对污染土壤中重金属铜锌的稳定作用

		试验方法：（1）Cu（铜单一污染，加入量200mg/kg）（2）Zn（锌单一污染，加入量400mg/kg）（3）CuZn（铜锌复合污染，加入量铜200mg/kg、锌400mg/kg）（4）Cu-P（铜单一污染，加入磷酸盐Ca(H2PO4)2稳定化，P用量为重金属摩尔数的4倍）（5）Zn-P（锌单一污染，加入磷酸盐Ca(H2PO4)2稳定化，P用量为重金属摩尔数的4倍）（6）CuZn-P（铜锌复合污染，加入磷酸盐Ca(H2PO4)2稳定化，P用量为总重金属摩尔数的4倍）（7）Cu-L（铜单一污染，加入石灰C

		试验数据：

		红壤																												黄棕壤

		铜		Exch机测		average		标准偏差		Exch实际		average		标准偏差		锌		Exch机测		average		标准偏差		Exch实际		average		标准偏差		铜		Exch机测		average		标准偏差		Exch实际		average		标准偏差		锌		Exch机测		average		标准偏差		Exch实际		average		标准偏差

		Cu-CK1		3.7219		3.6300666667		0.0842653151		29.7752		29.0405333333		0.674122521		Zn-CK1		41.0962		40.8255333333		0.5917095768		167.9897118764		166.883997265		2.4170957434		Cu-CK1		0.4135		0.4069666667		0.0093948567		3.308		3.2557333333		0.075158854		Zn-CK1		36.6321		36.4038		0.6741923835		149.7412863997		148.8069382576		2.7587928535

		Cu-CK2		3.5563						28.4504						Zn-CK2		41.2335						168.5504637822						Cu-CK2		0.3962						3.1696						Zn-CK2		36.9342						150.9772218963

		Cu-CK3		3.612						28.896						Zn-CK3		40.1469						164.1118161363						Cu-CK3		0.4112						3.2896						Zn-CK3		35.6451						145.7023064768

		Cu-P1		3.2658		3.2102666667		0.0758857914		26.1264		25.6821333333		0.607086331		Zn-P1		39.2154		39.234		0.0196763818		160.3052319223		160.3812543887		0.0804217646		Cu-P1		0.3466		0.3824		0.0386631608		2.7728		3.0592		0.3093052861		Zn-P1		34.4097		34.8657666667		0.7535094514		140.6446330367		142.5117315043		3.0847682169

		Cu-P2		3.2412						25.9296						Zn-P2		39.232						160.3730801408						Cu-P2		0.4234						3.3872						Zn-P2		35.7355						146.0723042318

		Cu-P3		3.1238						24.9904						Zn-P3		39.2546						160.4654511031						Cu-P3		0.3772						3.0176						Zn-P3		34.4521						140.8182572445

		Cu-L1		0.3021		0.3123		0.0520549709		2.4168		2.4984		0.4164397676		Zn-L1		5.0295		4.9414333333		0.0981633503		19.6437883038		19.2790089834		0.4066038196		Cu-L1		0.26		0.2459		0.0182403399		2.08		1.9672		0.1459227193		Zn-L1		3.7086		3.7866333333		0.068130194		14.1712870288		14.4946549841		0.28232952

		Cu-L2		0.2661						2.1288						Zn-L2		4.9592						19.3526050683						Cu-L2		0.2524						2.0192						Zn-L2		3.8343						14.6921835148

		Cu-L3		0.3687						2.9496						Zn-L3		4.8356						18.8406335781						Cu-L3		0.2253						1.8024						Zn-L3		3.817						14.6204944088

		CuZn-CK1		5.0239		4.9979666667		0.0298087795		40.1912		39.9837333333		0.2384702357		CuZn-CK1		41.9138		41.5247		0.6570399607		171.3284566956		169.7394341911		2.6832616122		CuZn-CK1		0.4795		0.4785666667		0.010431363		3.836		3.8285333333		0.0834509037		CuZn-CK1		37.1022		37.1838666667		0.2608702615		151.6644714041		151.9984984193		1.0670682616

		CuZn-CK2		5.0046						40.0368						CuZn-CK2		40.7661						166.6414150726						CuZn-CK2		0.4885						3.908						CuZn-CK2		37.4758						153.1926215315

		CuZn-CK3		4.9654						39.7232						CuZn-CK3		41.8942						171.2484308051						CuZn-CK3		0.4677						3.7416						CuZn-CK3		36.9736						151.1384023224

		CuZn-P1		4.5566		4.5900666667		0.0291378334		36.4528		36.7205333333		0.2331026669		CuZn-P1		40.7061		40.3793333333		0.3390544253		166.3963257382		165.0613795741		1.3851800614		CuZn-P1		0.5075		0.4593333333		0.0572763767		4.06		3.6746666667		0.458211014		CuZn-P1		36.6758		35.8376666667		0.7262218486		149.9200785555		146.490164706		2.97193646

		CuZn-P2		4.6098						36.8784						CuZn-P2		40.4027						165.1569024662						CuZn-P2		0.396						3.168						CuZn-P2		35.442						144.8709917088

		CuZn-P3		4.6038						36.8304						CuZn-P3		40.0292						163.6309105179						CuZn-P3		0.4745						3.796						CuZn-P3		35.3952						144.6794238536

		CuZn-L1		0.371		0.3841333333		0.0247661732		2.968		3.0730666667		0.1981293853		CuZn-L1		5.3965		5.437		0.0383665219		21.1637772302		21.3315004397		0.1588875208		CuZn-L1		0.2531		0.2546		0.0013		2.0248		2.0368		0.0104		CuZn-L1		4.0189		4.0258666667		0.0246012872		15.4571137542		15.4859802619		0.1019366864

		CuZn-L2		0.4127						3.3016						CuZn-L2		5.4728						21.4797587681						CuZn-L2		0.2554						2.0432						CuZn-L2		4.0532						15.5992372558

		CuZn-L3		0.3687						2.9496						CuZn-L3		5.4417						21.3509653209						CuZn-L3		0.2553						2.0424						CuZn-L3		4.0055						15.4015897758





Sheet2

		精炼的数值

		红壤

		铜

		单一污染		average		标准偏差		复合污染		average		标准偏差

		Cu-CK		29.0405333333		0.674122521		CuZn-CK2		39.9837333333		0.2384702357

		Cu-L		2.4984		0.4164397676		CuZn-L2		3.0730666667		0.1981293853

		Cu-CK		29.0405333333		0.674122521		CuZn-CK2		39.9837333333		0.2384702357

		Cu-P		25.6821333333		0.607086331		CuZn-P2		36.7205333333		0.2331026669

		锌

		单一污染		average		标准偏差		复合污染		average		标准偏差

		Zn-CK		166.883997265		2.4170957434		CuZn-CK2		169.7394341911		2.6832616122

		Zn-P		160.3812543887		0.0804217646		CuZn-P2		165.0613795741		1.3851800614

		Zn-L		19.2790089834		0.4066038196		CuZn-L2		21.3315004397		0.1588875208





Sheet3

		精炼的数值

		黄泥土

		铜

		单一污染		average		标准偏差		复合污染		average		标准偏差

		Cu-CK		3.2557333333		0.075158854		CuZn-CK2		3.8285333333		0.0834509037

		Cu-P		3.0592		0.3093052861		CuZn-P2		3.6746666667		0.458211014

		Cu-L		1.9672		0.1459227193		CuZn-L2		2.0368		0.0104

		锌

		单一污染		average		标准偏差		复合污染		average		标准偏差

		Zn-CK		148.8069382576		2.7587928535		CuZn-CK2		151.9984984193		1.0670682616

		Zn-P		142.5117315043		3.0847682169		CuZn-P2		146.490164706		2.97193646

		Zn-L		14.4946549841		0.28232952		CuZn-L2		15.4859802619		0.1019366864





Sheet4

		

		磷酸盐对污染土壤中重金属铜锌的稳定作用

						红壤										黄泥土

						红壤										黄泥土

																						横坐标

																						Cu   Cu-P

																						CuZn CuZn-P

																						Zn   Zn-P

																						CuZn CuZn-P





Sheet4

		166.883997265		160.3812543887		2.4170957434		0.0804217646

		169.7394341911		165.0613795741		2.6832616122		1.3851800614



未施

施入

施入磷酸盐

w(有效态锌)/(mg·kg-1)



Sheet5

		3.2557333333		3.0592		0.075158854		0.3093052861

		3.8285333333		3.6746666667		0.0834509037		0.458211014



未施

施入

施入磷酸盐

w(有效态铜)/(mg·kg-1)



		148.8069382576		142.5117315043		2.7587928535		3.0847682169

		151.9984984193		146.490164706		1.0670682616		2.97193646



未施

施入

施入磷酸盐

w(有效态锌)/(mg·kg-1)



		29.0405333333		25.6821333333		0.674122521		0.607086331

		39.9837333333		36.7205333333		0.2384702357		0.2331026669



未施磷酸盐

施入磷酸盐

施入磷酸盐

w(有效态铜)/(mg·kg-1)



		

		石灰对污染土壤中重金属铜锌的稳定作用

																		Cu   Cu-L

																		CuZn CuZn-L

																		Zn   Zn-L

																		CuZn CuZn-L

						红壤										黄泥土

						红壤										黄泥土





		29.0405333333		2.4984		0.674122521		0.4164397676

		39.9837333333		3.0730666667		0.2384702357		0.1981293853



未施

施入

施入石灰

w(有效态铜)/(mg·kg-1)



		3.2557333333		1.9672		0.075158854		0.1459227193

		3.8285333333		2.0368		0.0834509037		0.0104



未施

施入

施入石灰

w(有效态铜)/(mg·kg-1)



		148.8069382576		14.4946549841		2.7587928535		0.28232952

		151.9984984193		15.4859802619		1.0670682616		0.1019366864



未施

施入

施入石灰

w(有效态锌)/(mg·kg-1)



		166.883997265		19.2790089834		2.4170957434		0.4066038196

		169.7394341911		21.3315004397		2.6832616122		0.1588875208



未施

施入

施入石灰

w(有效态锌)/(mg·kg-1)




_1275847877.xls
Chart3

		Cu   Cu-P		Cu   Cu-P		0.075158854		0.3093052861

		CuZn CuZn-P		CuZn CuZn-P		0.0834509037		0.458211014



未施

施入

施入磷酸盐

w(有效态铜)/(mg·kg-1)

3.2557333333

3.0592

3.8285333333

3.6746666667



Sheet1

		试验名称：磷酸盐、石灰对污染土壤中重金属铜锌的稳定作用

		试验方法：（1）Cu（铜单一污染，加入量200mg/kg）（2）Zn（锌单一污染，加入量400mg/kg）（3）CuZn（铜锌复合污染，加入量铜200mg/kg、锌400mg/kg）（4）Cu-P（铜单一污染，加入磷酸盐Ca(H2PO4)2稳定化，P用量为重金属摩尔数的4倍）（5）Zn-P（锌单一污染，加入磷酸盐Ca(H2PO4)2稳定化，P用量为重金属摩尔数的4倍）（6）CuZn-P（铜锌复合污染，加入磷酸盐Ca(H2PO4)2稳定化，P用量为总重金属摩尔数的4倍）（7）Cu-L（铜单一污染，加入石灰C

		试验数据：

		红壤																												黄棕壤

		铜		Exch机测		average		标准偏差		Exch实际		average		标准偏差		锌		Exch机测		average		标准偏差		Exch实际		average		标准偏差		铜		Exch机测		average		标准偏差		Exch实际		average		标准偏差		锌		Exch机测		average		标准偏差		Exch实际		average		标准偏差

		Cu-CK1		3.7219		3.6300666667		0.0842653151		29.7752		29.0405333333		0.674122521		Zn-CK1		41.0962		40.8255333333		0.5917095768		167.9897118764		166.883997265		2.4170957434		Cu-CK1		0.4135		0.4069666667		0.0093948567		3.308		3.2557333333		0.075158854		Zn-CK1		36.6321		36.4038		0.6741923835		149.7412863997		148.8069382576		2.7587928535

		Cu-CK2		3.5563						28.4504						Zn-CK2		41.2335						168.5504637822						Cu-CK2		0.3962						3.1696						Zn-CK2		36.9342						150.9772218963

		Cu-CK3		3.612						28.896						Zn-CK3		40.1469						164.1118161363						Cu-CK3		0.4112						3.2896						Zn-CK3		35.6451						145.7023064768

		Cu-P1		3.2658		3.2102666667		0.0758857914		26.1264		25.6821333333		0.607086331		Zn-P1		39.2154		39.234		0.0196763818		160.3052319223		160.3812543887		0.0804217646		Cu-P1		0.3466		0.3824		0.0386631608		2.7728		3.0592		0.3093052861		Zn-P1		34.4097		34.8657666667		0.7535094514		140.6446330367		142.5117315043		3.0847682169

		Cu-P2		3.2412						25.9296						Zn-P2		39.232						160.3730801408						Cu-P2		0.4234						3.3872						Zn-P2		35.7355						146.0723042318

		Cu-P3		3.1238						24.9904						Zn-P3		39.2546						160.4654511031						Cu-P3		0.3772						3.0176						Zn-P3		34.4521						140.8182572445

		Cu-L1		0.3021		0.3123		0.0520549709		2.4168		2.4984		0.4164397676		Zn-L1		5.0295		4.9414333333		0.0981633503		19.6437883038		19.2790089834		0.4066038196		Cu-L1		0.26		0.2459		0.0182403399		2.08		1.9672		0.1459227193		Zn-L1		3.7086		3.7866333333		0.068130194		14.1712870288		14.4946549841		0.28232952

		Cu-L2		0.2661						2.1288						Zn-L2		4.9592						19.3526050683						Cu-L2		0.2524						2.0192						Zn-L2		3.8343						14.6921835148

		Cu-L3		0.3687						2.9496						Zn-L3		4.8356						18.8406335781						Cu-L3		0.2253						1.8024						Zn-L3		3.817						14.6204944088

		CuZn-CK1		5.0239		4.9979666667		0.0298087795		40.1912		39.9837333333		0.2384702357		CuZn-CK1		41.9138		41.5247		0.6570399607		171.3284566956		169.7394341911		2.6832616122		CuZn-CK1		0.4795		0.4785666667		0.010431363		3.836		3.8285333333		0.0834509037		CuZn-CK1		37.1022		37.1838666667		0.2608702615		151.6644714041		151.9984984193		1.0670682616

		CuZn-CK2		5.0046						40.0368						CuZn-CK2		40.7661						166.6414150726						CuZn-CK2		0.4885						3.908						CuZn-CK2		37.4758						153.1926215315

		CuZn-CK3		4.9654						39.7232						CuZn-CK3		41.8942						171.2484308051						CuZn-CK3		0.4677						3.7416						CuZn-CK3		36.9736						151.1384023224

		CuZn-P1		4.5566		4.5900666667		0.0291378334		36.4528		36.7205333333		0.2331026669		CuZn-P1		40.7061		40.3793333333		0.3390544253		166.3963257382		165.0613795741		1.3851800614		CuZn-P1		0.5075		0.4593333333		0.0572763767		4.06		3.6746666667		0.458211014		CuZn-P1		36.6758		35.8376666667		0.7262218486		149.9200785555		146.490164706		2.97193646

		CuZn-P2		4.6098						36.8784						CuZn-P2		40.4027						165.1569024662						CuZn-P2		0.396						3.168						CuZn-P2		35.442						144.8709917088

		CuZn-P3		4.6038						36.8304						CuZn-P3		40.0292						163.6309105179						CuZn-P3		0.4745						3.796						CuZn-P3		35.3952						144.6794238536

		CuZn-L1		0.371		0.3841333333		0.0247661732		2.968		3.0730666667		0.1981293853		CuZn-L1		5.3965		5.437		0.0383665219		21.1637772302		21.3315004397		0.1588875208		CuZn-L1		0.2531		0.2546		0.0013		2.0248		2.0368		0.0104		CuZn-L1		4.0189		4.0258666667		0.0246012872		15.4571137542		15.4859802619		0.1019366864

		CuZn-L2		0.4127						3.3016						CuZn-L2		5.4728						21.4797587681						CuZn-L2		0.2554						2.0432						CuZn-L2		4.0532						15.5992372558

		CuZn-L3		0.3687						2.9496						CuZn-L3		5.4417						21.3509653209						CuZn-L3		0.2553						2.0424						CuZn-L3		4.0055						15.4015897758





Sheet2

		精炼的数值

		红壤

		铜

		单一污染		average		标准偏差		复合污染		average		标准偏差

		Cu-CK		29.0405333333		0.674122521		CuZn-CK2		39.9837333333		0.2384702357

		Cu-L		2.4984		0.4164397676		CuZn-L2		3.0730666667		0.1981293853

		Cu-CK		29.0405333333		0.674122521		CuZn-CK2		39.9837333333		0.2384702357

		Cu-P		25.6821333333		0.607086331		CuZn-P2		36.7205333333		0.2331026669

		锌

		单一污染		average		标准偏差		复合污染		average		标准偏差

		Zn-CK		166.883997265		2.4170957434		CuZn-CK2		169.7394341911		2.6832616122

		Zn-P		160.3812543887		0.0804217646		CuZn-P2		165.0613795741		1.3851800614

		Zn-L		19.2790089834		0.4066038196		CuZn-L2		21.3315004397		0.1588875208





Sheet3

		精炼的数值

		黄泥土

		铜

		单一污染		average		标准偏差		复合污染		average		标准偏差

		Cu-CK		3.2557333333		0.075158854		CuZn-CK2		3.8285333333		0.0834509037

		Cu-P		3.0592		0.3093052861		CuZn-P2		3.6746666667		0.458211014

		Cu-L		1.9672		0.1459227193		CuZn-L2		2.0368		0.0104

		锌

		单一污染		average		标准偏差		复合污染		average		标准偏差

		Zn-CK		148.8069382576		2.7587928535		CuZn-CK2		151.9984984193		1.0670682616

		Zn-P		142.5117315043		3.0847682169		CuZn-P2		146.490164706		2.97193646

		Zn-L		14.4946549841		0.28232952		CuZn-L2		15.4859802619		0.1019366864





Sheet4

		

		磷酸盐对污染土壤中重金属铜锌的稳定作用

						红壤										黄泥土

						红壤										黄泥土

																						横坐标

																						Cu   Cu-P

																						CuZn CuZn-P

																						Zn   Zn-P

																						CuZn CuZn-P





Sheet4

		166.883997265		160.3812543887		2.4170957434		0.0804217646

		169.7394341911		165.0613795741		2.6832616122		1.3851800614



未施

施入

施入磷酸盐

w(有效态锌)/(mg·kg-1)



Sheet5

		3.2557333333		3.0592		0.075158854		0.3093052861

		3.8285333333		3.6746666667		0.0834509037		0.458211014



未施

施入

施入磷酸盐

w(有效态铜)/(mg·kg-1)



		148.8069382576		142.5117315043		2.7587928535		3.0847682169

		151.9984984193		146.490164706		1.0670682616		2.97193646



未施

施入

施入磷酸盐

w(有效态锌)/(mg·kg-1)



		29.0405333333		25.6821333333		0.674122521		0.607086331

		39.9837333333		36.7205333333		0.2384702357		0.2331026669



未施磷酸盐

施入磷酸盐

施入磷酸盐

w(有效态铜)/(mg·kg-1)



		

		石灰对污染土壤中重金属铜锌的稳定作用

																		Cu   Cu-L

																		CuZn CuZn-L

																		Zn   Zn-L

																		CuZn CuZn-L

						红壤										黄泥土

						红壤										黄泥土





		29.0405333333		2.4984		0.674122521		0.4164397676

		39.9837333333		3.0730666667		0.2384702357		0.1981293853



未施

施入

施入石灰

w(有效态铜)/(mg·kg-1)



		3.2557333333		1.9672		0.075158854		0.1459227193

		3.8285333333		2.0368		0.0834509037		0.0104



未施

施入

施入石灰

w(有效态铜)/(mg·kg-1)



		148.8069382576		14.4946549841		2.7587928535		0.28232952

		151.9984984193		15.4859802619		1.0670682616		0.1019366864



未施

施入

施入石灰

w(有效态锌)/(mg·kg-1)



		166.883997265		19.2790089834		2.4170957434		0.4066038196

		169.7394341911		21.3315004397		2.6832616122		0.1588875208



未施

施入

施入石灰

w(有效态锌)/(mg·kg-1)




_1275847893.xls
Chart4

		Zn   Zn-P		Zn   Zn-P		2.4170957434		0.0804217646

		CuZn CuZn-P		CuZn CuZn-P		2.6832616122		1.3851800614



未施

施入

施入磷酸盐

w(有效态锌)/(mg·kg-1)

166.883997265

160.3812543887

169.7394341911

165.0613795741



Sheet1

		试验名称：磷酸盐、石灰对污染土壤中重金属铜锌的稳定作用

		试验方法：（1）Cu（铜单一污染，加入量200mg/kg）（2）Zn（锌单一污染，加入量400mg/kg）（3）CuZn（铜锌复合污染，加入量铜200mg/kg、锌400mg/kg）（4）Cu-P（铜单一污染，加入磷酸盐Ca(H2PO4)2稳定化，P用量为重金属摩尔数的4倍）（5）Zn-P（锌单一污染，加入磷酸盐Ca(H2PO4)2稳定化，P用量为重金属摩尔数的4倍）（6）CuZn-P（铜锌复合污染，加入磷酸盐Ca(H2PO4)2稳定化，P用量为总重金属摩尔数的4倍）（7）Cu-L（铜单一污染，加入石灰C

		试验数据：

		红壤																												黄棕壤

		铜		Exch机测		average		标准偏差		Exch实际		average		标准偏差		锌		Exch机测		average		标准偏差		Exch实际		average		标准偏差		铜		Exch机测		average		标准偏差		Exch实际		average		标准偏差		锌		Exch机测		average		标准偏差		Exch实际		average		标准偏差

		Cu-CK1		3.7219		3.6300666667		0.0842653151		29.7752		29.0405333333		0.674122521		Zn-CK1		41.0962		40.8255333333		0.5917095768		167.9897118764		166.883997265		2.4170957434		Cu-CK1		0.4135		0.4069666667		0.0093948567		3.308		3.2557333333		0.075158854		Zn-CK1		36.6321		36.4038		0.6741923835		149.7412863997		148.8069382576		2.7587928535

		Cu-CK2		3.5563						28.4504						Zn-CK2		41.2335						168.5504637822						Cu-CK2		0.3962						3.1696						Zn-CK2		36.9342						150.9772218963

		Cu-CK3		3.612						28.896						Zn-CK3		40.1469						164.1118161363						Cu-CK3		0.4112						3.2896						Zn-CK3		35.6451						145.7023064768

		Cu-P1		3.2658		3.2102666667		0.0758857914		26.1264		25.6821333333		0.607086331		Zn-P1		39.2154		39.234		0.0196763818		160.3052319223		160.3812543887		0.0804217646		Cu-P1		0.3466		0.3824		0.0386631608		2.7728		3.0592		0.3093052861		Zn-P1		34.4097		34.8657666667		0.7535094514		140.6446330367		142.5117315043		3.0847682169

		Cu-P2		3.2412						25.9296						Zn-P2		39.232						160.3730801408						Cu-P2		0.4234						3.3872						Zn-P2		35.7355						146.0723042318

		Cu-P3		3.1238						24.9904						Zn-P3		39.2546						160.4654511031						Cu-P3		0.3772						3.0176						Zn-P3		34.4521						140.8182572445

		Cu-L1		0.3021		0.3123		0.0520549709		2.4168		2.4984		0.4164397676		Zn-L1		5.0295		4.9414333333		0.0981633503		19.6437883038		19.2790089834		0.4066038196		Cu-L1		0.26		0.2459		0.0182403399		2.08		1.9672		0.1459227193		Zn-L1		3.7086		3.7866333333		0.068130194		14.1712870288		14.4946549841		0.28232952

		Cu-L2		0.2661						2.1288						Zn-L2		4.9592						19.3526050683						Cu-L2		0.2524						2.0192						Zn-L2		3.8343						14.6921835148

		Cu-L3		0.3687						2.9496						Zn-L3		4.8356						18.8406335781						Cu-L3		0.2253						1.8024						Zn-L3		3.817						14.6204944088

		CuZn-CK1		5.0239		4.9979666667		0.0298087795		40.1912		39.9837333333		0.2384702357		CuZn-CK1		41.9138		41.5247		0.6570399607		171.3284566956		169.7394341911		2.6832616122		CuZn-CK1		0.4795		0.4785666667		0.010431363		3.836		3.8285333333		0.0834509037		CuZn-CK1		37.1022		37.1838666667		0.2608702615		151.6644714041		151.9984984193		1.0670682616

		CuZn-CK2		5.0046						40.0368						CuZn-CK2		40.7661						166.6414150726						CuZn-CK2		0.4885						3.908						CuZn-CK2		37.4758						153.1926215315

		CuZn-CK3		4.9654						39.7232						CuZn-CK3		41.8942						171.2484308051						CuZn-CK3		0.4677						3.7416						CuZn-CK3		36.9736						151.1384023224

		CuZn-P1		4.5566		4.5900666667		0.0291378334		36.4528		36.7205333333		0.2331026669		CuZn-P1		40.7061		40.3793333333		0.3390544253		166.3963257382		165.0613795741		1.3851800614		CuZn-P1		0.5075		0.4593333333		0.0572763767		4.06		3.6746666667		0.458211014		CuZn-P1		36.6758		35.8376666667		0.7262218486		149.9200785555		146.490164706		2.97193646

		CuZn-P2		4.6098						36.8784						CuZn-P2		40.4027						165.1569024662						CuZn-P2		0.396						3.168						CuZn-P2		35.442						144.8709917088

		CuZn-P3		4.6038						36.8304						CuZn-P3		40.0292						163.6309105179						CuZn-P3		0.4745						3.796						CuZn-P3		35.3952						144.6794238536

		CuZn-L1		0.371		0.3841333333		0.0247661732		2.968		3.0730666667		0.1981293853		CuZn-L1		5.3965		5.437		0.0383665219		21.1637772302		21.3315004397		0.1588875208		CuZn-L1		0.2531		0.2546		0.0013		2.0248		2.0368		0.0104		CuZn-L1		4.0189		4.0258666667		0.0246012872		15.4571137542		15.4859802619		0.1019366864

		CuZn-L2		0.4127						3.3016						CuZn-L2		5.4728						21.4797587681						CuZn-L2		0.2554						2.0432						CuZn-L2		4.0532						15.5992372558

		CuZn-L3		0.3687						2.9496						CuZn-L3		5.4417						21.3509653209						CuZn-L3		0.2553						2.0424						CuZn-L3		4.0055						15.4015897758





Sheet2

		精炼的数值

		红壤

		铜

		单一污染		average		标准偏差		复合污染		average		标准偏差

		Cu-CK		29.0405333333		0.674122521		CuZn-CK2		39.9837333333		0.2384702357

		Cu-L		2.4984		0.4164397676		CuZn-L2		3.0730666667		0.1981293853

		Cu-CK		29.0405333333		0.674122521		CuZn-CK2		39.9837333333		0.2384702357

		Cu-P		25.6821333333		0.607086331		CuZn-P2		36.7205333333		0.2331026669

		锌

		单一污染		average		标准偏差		复合污染		average		标准偏差

		Zn-CK		166.883997265		2.4170957434		CuZn-CK2		169.7394341911		2.6832616122

		Zn-P		160.3812543887		0.0804217646		CuZn-P2		165.0613795741		1.3851800614

		Zn-L		19.2790089834		0.4066038196		CuZn-L2		21.3315004397		0.1588875208





Sheet3

		精炼的数值

		黄泥土

		铜

		单一污染		average		标准偏差		复合污染		average		标准偏差

		Cu-CK		3.2557333333		0.075158854		CuZn-CK2		3.8285333333		0.0834509037

		Cu-P		3.0592		0.3093052861		CuZn-P2		3.6746666667		0.458211014

		Cu-L		1.9672		0.1459227193		CuZn-L2		2.0368		0.0104

		锌

		单一污染		average		标准偏差		复合污染		average		标准偏差

		Zn-CK		148.8069382576		2.7587928535		CuZn-CK2		151.9984984193		1.0670682616

		Zn-P		142.5117315043		3.0847682169		CuZn-P2		146.490164706		2.97193646

		Zn-L		14.4946549841		0.28232952		CuZn-L2		15.4859802619		0.1019366864
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		磷酸盐对污染土壤中重金属铜锌的稳定作用

						红壤										黄泥土

						红壤										黄泥土
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																						CuZn CuZn-P
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		166.883997265		160.3812543887		2.4170957434		0.0804217646

		169.7394341911		165.0613795741		2.6832616122		1.3851800614



未施

施入

施入磷酸盐

w(有效态锌)/(mg·kg-1)
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		3.2557333333		3.0592		0.075158854		0.3093052861

		3.8285333333		3.6746666667		0.0834509037		0.458211014



未施

施入

施入磷酸盐

w(有效态铜)/(mg·kg-1)



		148.8069382576		142.5117315043		2.7587928535		3.0847682169

		151.9984984193		146.490164706		1.0670682616		2.97193646



未施

施入

施入磷酸盐

w(有效态锌)/(mg·kg-1)



		29.0405333333		25.6821333333		0.674122521		0.607086331

		39.9837333333		36.7205333333		0.2384702357		0.2331026669



未施磷酸盐

施入磷酸盐

施入磷酸盐

w(有效态铜)/(mg·kg-1)



		

		石灰对污染土壤中重金属铜锌的稳定作用

																		Cu   Cu-L

																		CuZn CuZn-L

																		Zn   Zn-L

																		CuZn CuZn-L

						红壤										黄泥土

						红壤										黄泥土





		29.0405333333		2.4984		0.674122521		0.4164397676

		39.9837333333		3.0730666667		0.2384702357		0.1981293853



未施

施入

施入石灰

w(有效态铜)/(mg·kg-1)



		3.2557333333		1.9672		0.075158854		0.1459227193

		3.8285333333		2.0368		0.0834509037		0.0104



未施

施入

施入石灰

w(有效态铜)/(mg·kg-1)



		148.8069382576		14.4946549841		2.7587928535		0.28232952

		151.9984984193		15.4859802619		1.0670682616		0.1019366864



未施

施入

施入石灰

w(有效态锌)/(mg·kg-1)



		166.883997265		19.2790089834		2.4170957434		0.4066038196

		169.7394341911		21.3315004397		2.6832616122		0.1588875208



未施

施入

施入石灰

w(有效态锌)/(mg·kg-1)
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		Cu   Cu-P		Cu   Cu-P		0.674122521		0.607086331

		CuZn CuZn-P		CuZn CuZn-P		0.2384702357		0.2331026669



未施磷酸盐

施入磷酸盐

施入磷酸盐

w(有效态铜)/(mg·kg-1)

29.0405333333

25.6821333333

39.9837333333

36.7205333333



Sheet1

		试验名称：磷酸盐、石灰对污染土壤中重金属铜锌的稳定作用

		试验方法：（1）Cu（铜单一污染，加入量200mg/kg）（2）Zn（锌单一污染，加入量400mg/kg）（3）CuZn（铜锌复合污染，加入量铜200mg/kg、锌400mg/kg）（4）Cu-P（铜单一污染，加入磷酸盐Ca(H2PO4)2稳定化，P用量为重金属摩尔数的4倍）（5）Zn-P（锌单一污染，加入磷酸盐Ca(H2PO4)2稳定化，P用量为重金属摩尔数的4倍）（6）CuZn-P（铜锌复合污染，加入磷酸盐Ca(H2PO4)2稳定化，P用量为总重金属摩尔数的4倍）（7）Cu-L（铜单一污染，加入石灰C

		试验数据：

		红壤																												黄棕壤

		铜		Exch机测		average		标准偏差		Exch实际		average		标准偏差		锌		Exch机测		average		标准偏差		Exch实际		average		标准偏差		铜		Exch机测		average		标准偏差		Exch实际		average		标准偏差		锌		Exch机测		average		标准偏差		Exch实际		average		标准偏差

		Cu-CK1		3.7219		3.6300666667		0.0842653151		29.7752		29.0405333333		0.674122521		Zn-CK1		41.0962		40.8255333333		0.5917095768		167.9897118764		166.883997265		2.4170957434		Cu-CK1		0.4135		0.4069666667		0.0093948567		3.308		3.2557333333		0.075158854		Zn-CK1		36.6321		36.4038		0.6741923835		149.7412863997		148.8069382576		2.7587928535

		Cu-CK2		3.5563						28.4504						Zn-CK2		41.2335						168.5504637822						Cu-CK2		0.3962						3.1696						Zn-CK2		36.9342						150.9772218963

		Cu-CK3		3.612						28.896						Zn-CK3		40.1469						164.1118161363						Cu-CK3		0.4112						3.2896						Zn-CK3		35.6451						145.7023064768

		Cu-P1		3.2658		3.2102666667		0.0758857914		26.1264		25.6821333333		0.607086331		Zn-P1		39.2154		39.234		0.0196763818		160.3052319223		160.3812543887		0.0804217646		Cu-P1		0.3466		0.3824		0.0386631608		2.7728		3.0592		0.3093052861		Zn-P1		34.4097		34.8657666667		0.7535094514		140.6446330367		142.5117315043		3.0847682169

		Cu-P2		3.2412						25.9296						Zn-P2		39.232						160.3730801408						Cu-P2		0.4234						3.3872						Zn-P2		35.7355						146.0723042318

		Cu-P3		3.1238						24.9904						Zn-P3		39.2546						160.4654511031						Cu-P3		0.3772						3.0176						Zn-P3		34.4521						140.8182572445

		Cu-L1		0.3021		0.3123		0.0520549709		2.4168		2.4984		0.4164397676		Zn-L1		5.0295		4.9414333333		0.0981633503		19.6437883038		19.2790089834		0.4066038196		Cu-L1		0.26		0.2459		0.0182403399		2.08		1.9672		0.1459227193		Zn-L1		3.7086		3.7866333333		0.068130194		14.1712870288		14.4946549841		0.28232952

		Cu-L2		0.2661						2.1288						Zn-L2		4.9592						19.3526050683						Cu-L2		0.2524						2.0192						Zn-L2		3.8343						14.6921835148

		Cu-L3		0.3687						2.9496						Zn-L3		4.8356						18.8406335781						Cu-L3		0.2253						1.8024						Zn-L3		3.817						14.6204944088

		CuZn-CK1		5.0239		4.9979666667		0.0298087795		40.1912		39.9837333333		0.2384702357		CuZn-CK1		41.9138		41.5247		0.6570399607		171.3284566956		169.7394341911		2.6832616122		CuZn-CK1		0.4795		0.4785666667		0.010431363		3.836		3.8285333333		0.0834509037		CuZn-CK1		37.1022		37.1838666667		0.2608702615		151.6644714041		151.9984984193		1.0670682616

		CuZn-CK2		5.0046						40.0368						CuZn-CK2		40.7661						166.6414150726						CuZn-CK2		0.4885						3.908						CuZn-CK2		37.4758						153.1926215315

		CuZn-CK3		4.9654						39.7232						CuZn-CK3		41.8942						171.2484308051						CuZn-CK3		0.4677						3.7416						CuZn-CK3		36.9736						151.1384023224

		CuZn-P1		4.5566		4.5900666667		0.0291378334		36.4528		36.7205333333		0.2331026669		CuZn-P1		40.7061		40.3793333333		0.3390544253		166.3963257382		165.0613795741		1.3851800614		CuZn-P1		0.5075		0.4593333333		0.0572763767		4.06		3.6746666667		0.458211014		CuZn-P1		36.6758		35.8376666667		0.7262218486		149.9200785555		146.490164706		2.97193646

		CuZn-P2		4.6098						36.8784						CuZn-P2		40.4027						165.1569024662						CuZn-P2		0.396						3.168						CuZn-P2		35.442						144.8709917088

		CuZn-P3		4.6038						36.8304						CuZn-P3		40.0292						163.6309105179						CuZn-P3		0.4745						3.796						CuZn-P3		35.3952						144.6794238536

		CuZn-L1		0.371		0.3841333333		0.0247661732		2.968		3.0730666667		0.1981293853		CuZn-L1		5.3965		5.437		0.0383665219		21.1637772302		21.3315004397		0.1588875208		CuZn-L1		0.2531		0.2546		0.0013		2.0248		2.0368		0.0104		CuZn-L1		4.0189		4.0258666667		0.0246012872		15.4571137542		15.4859802619		0.1019366864

		CuZn-L2		0.4127						3.3016						CuZn-L2		5.4728						21.4797587681						CuZn-L2		0.2554						2.0432						CuZn-L2		4.0532						15.5992372558

		CuZn-L3		0.3687						2.9496						CuZn-L3		5.4417						21.3509653209						CuZn-L3		0.2553						2.0424						CuZn-L3		4.0055						15.4015897758





Sheet2

		精炼的数值

		红壤

		铜

		单一污染		average		标准偏差		复合污染		average		标准偏差

		Cu-CK		29.0405333333		0.674122521		CuZn-CK2		39.9837333333		0.2384702357

		Cu-L		2.4984		0.4164397676		CuZn-L2		3.0730666667		0.1981293853

		Cu-CK		29.0405333333		0.674122521		CuZn-CK2		39.9837333333		0.2384702357

		Cu-P		25.6821333333		0.607086331		CuZn-P2		36.7205333333		0.2331026669

		锌

		单一污染		average		标准偏差		复合污染		average		标准偏差

		Zn-CK		166.883997265		2.4170957434		CuZn-CK2		169.7394341911		2.6832616122

		Zn-P		160.3812543887		0.0804217646		CuZn-P2		165.0613795741		1.3851800614

		Zn-L		19.2790089834		0.4066038196		CuZn-L2		21.3315004397		0.1588875208





Sheet3

		精炼的数值

		黄泥土

		铜

		单一污染		average		标准偏差		复合污染		average		标准偏差

		Cu-CK		3.2557333333		0.075158854		CuZn-CK2		3.8285333333		0.0834509037

		Cu-P		3.0592		0.3093052861		CuZn-P2		3.6746666667		0.458211014

		Cu-L		1.9672		0.1459227193		CuZn-L2		2.0368		0.0104

		锌

		单一污染		average		标准偏差		复合污染		average		标准偏差

		Zn-CK		148.8069382576		2.7587928535		CuZn-CK2		151.9984984193		1.0670682616

		Zn-P		142.5117315043		3.0847682169		CuZn-P2		146.490164706		2.97193646

		Zn-L		14.4946549841		0.28232952		CuZn-L2		15.4859802619		0.1019366864
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		磷酸盐对污染土壤中重金属铜锌的稳定作用

						红壤										黄泥土

						红壤										黄泥土

																						横坐标
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																						CuZn CuZn-P

																						Zn   Zn-P
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		166.883997265		160.3812543887		2.4170957434		0.0804217646

		169.7394341911		165.0613795741		2.6832616122		1.3851800614



未施

施入

施入磷酸盐

w(有效态锌)/(mg·kg-1)
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		3.2557333333		3.0592		0.075158854		0.3093052861

		3.8285333333		3.6746666667		0.0834509037		0.458211014



未施

施入

施入磷酸盐

w(有效态铜)/(mg·kg-1)



		148.8069382576		142.5117315043		2.7587928535		3.0847682169

		151.9984984193		146.490164706		1.0670682616		2.97193646



未施

施入

施入磷酸盐

w(有效态锌)/(mg·kg-1)



		29.0405333333		25.6821333333		0.674122521		0.607086331

		39.9837333333		36.7205333333		0.2384702357		0.2331026669



未施磷酸盐

施入磷酸盐

施入磷酸盐

w(有效态铜)/(mg·kg-1)



		

		石灰对污染土壤中重金属铜锌的稳定作用

																		Cu   Cu-L

																		CuZn CuZn-L

																		Zn   Zn-L

																		CuZn CuZn-L

						红壤										黄泥土

						红壤										黄泥土





		29.0405333333		2.4984		0.674122521		0.4164397676

		39.9837333333		3.0730666667		0.2384702357		0.1981293853



未施

施入

施入石灰

w(有效态铜)/(mg·kg-1)



		3.2557333333		1.9672		0.075158854		0.1459227193

		3.8285333333		2.0368		0.0834509037		0.0104



未施

施入

施入石灰

w(有效态铜)/(mg·kg-1)



		148.8069382576		14.4946549841		2.7587928535		0.28232952

		151.9984984193		15.4859802619		1.0670682616		0.1019366864



未施

施入

施入石灰

w(有效态锌)/(mg·kg-1)



		166.883997265		19.2790089834		2.4170957434		0.4066038196

		169.7394341911		21.3315004397		2.6832616122		0.1588875208



未施

施入

施入石灰

w(有效态锌)/(mg·kg-1)




