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Highlights 

What are the main findings? 

• HO adsorbed Cd2+ effectively in water, with capacity close to HA and superior to OF, DE, and SP. 

• HO reduced soil pH from 9.22 to 8.59 and increased larger soil aggregate size at 5% addition. 

• HO significantly decreased TCLP-extractable Cd by up to 69.05%, demonstrating strong Cd 

immobilization. 

What are the implications of the main findings? 

• HO is a highly efficient, low-cost organic-inorganic composite passivator for Cd-contaminated 

alkaline soil. 

• HO improves soil structure and pH, creating a better environment for crop growth in 

contaminated farmland. 

• Combining hydroxyapatite with organic fertilizer reduces remediation cost and enhances 

sustainable soil management. 

Abstract 

Highly effectively and economical method to immobilize cadmium from alkaline agriculture soil is 

urgently needed. Through kinetic and isotherm experiments of passivators adsorption, soil 

passivation experiment, and cadmium leaching, this study was to explore the applicability of 

hydroxylapatite-organic fertilizer compound repair agents (HO), individual hydroxylapatite (HA), 

individual organic fertilizer (OF), sepiolite (SP) and diatomite (DE) to passivate soil cadmium and its 

passivating effect. In the aqueous phase, HO successfully adsorbed Cd2+ on the surface and has 

superior potential Cd2+ adsorption capacity than OF, DE, and SP, with its adsorption capacity closely 

approach to that of HA, enabling its use as a passivator in real Cd-contaminated environments. In 

Cd-contaminated soil, HO effectively lower the pH from 9.22 to 8.59 at the addition of 5% and change 

the aggregate distribution. The increase in the amount of passivator also significantly increased soil 

aggregate size. Moreover, the addition of HO significantly improved the extractable contents of Cd 

in the soil. With the addition of 5% HO, the Cd extracted by TCLP decreased by 30.95%, 42.86%, 

59.52% and 69.05%, respectively. Therefore, our findings demonstrated that HO is a highly efficient 

and low-cost organic-inorganic composite passivator for cadmium contaminated soils. 

Keywords: Cadmium; alkaline agriculture soil; hydroxylapatite; organic fertilizer; passivator 
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1. Introduction 

Intense industrial production and agricultural activities have led to widespread cadmium 

contamination of agricultural soils [1,2]. Cadmium ions, emanating from industrial emissions, are 

dispersed through airborne particles that ultimately settle in the soil [3]. Furthermore, in regions 

where water is scarce, cadmium-laden industrial wastewater is sometimes utilized for irrigation [4], 

frequently contaminating farmland in proximity to industrial areas [5]. Additionally, impurities 

containing cadmium are often present in pesticides and fertilizers. Their extensive application can 

result in the accumulation of cadmium in the soil, thereby polluting farmlands [5]. Such 

contamination poses significant health risks to humans; indeed, the United States Environmental 

Protection Agency (USEPA) has classified cadmium as a "Group B1 probable human carcinogen" [6]. 

This classification underscores the urgency of addressing heavy metal contamination in agricultural 

soils, which has emerged as a critical environmental challenge. 

Cadmium contamination affects both acidic and alkaline soils. In acidic environments, cadmium 

predominantly occurs in its free ionic form [7]. Here, passivating agents such as sepiolite and 

diatomite can immobilize cadmium effectively through adsorption and precipitation processes [8,9]. 

These passivators also contribute to an increase in soil pH, thereby precipitating cadmium, which 

ultimately reduces the cadmium levels in the soil [10]. However, in alkaline soils already 

contaminated with cadmium, the metal often forms unstable precipitates like cadmium carbonate 

(CdCO3) [11,12], which present significant obstacles to passivation. In contrast to acidic conditions, 

although passivators in alkaline soils can adsorb free cadmium ions or assist in co-precipitation, they 

struggle to stabilize sub-stable precipitates that can readily re-mobilize with fluctuations in external 

pH levels. This reactivity poses a formidable challenge in treating contaminated alkaline soils to 

transform sub-stable cadmium compounds into stable forms. In addition, most passivators are 

inherently alkaline and can be introduced to acidic soils without adverse effects [13], but their use in 

alkaline soils often requires larger quantities to achieve effective passivation. Such excessive use 

raises the risk of soil compaction [14], which can impede soil reuse. Therefore, the selection of 

appropriate passivators tailored for alkaline soils is a critical step towards successful remediation. 

Passivators employed to treat cadmium contamination in soils are commonly used the clay 

minerals, organic materials, phosphorus-containing substances and so on [15,16]. Clay minerals, 

known for adsorption and ion exchange capabilities, effectively reduce cadmium content in soil [17]. 

Organic materials, either form insoluble metal-organic complexes with cadmium ions or enhance 

adsorption capacities through ion exchange [18]. For phosphorus-containing substances, they are 

adept at precipitating cadmium as phosphates in addition to adsorbing cadmium ions directly [19–

21]. Among them, hydroxyapatite, notable for its high specific surface area and formidable 

adsorption capacity for heavy metals, has emerged as a material of significant interest in recent 

research [22–24]. In addition to these passivators, organic fertilizers, which are abundant in organic 

matter and nutrients, contribute to the improvement of soil physical properties [25–27]. They enhance 

aggregate stability and contribute to a decrease in soil bulk density [28]. Furthermore, organic 

fertilizers play a regulatory role in soil nutrient content and pH levels to counterbalance excessive 

soil alkalinity [29]. 

Accordingly, the hydroxylapatite and organic fertilizer combination that we developed as used 

as the passivator to remediate the alkaline cadmium contaminated soil. The aim of this study was to 

(1) investigate the adsorption behaviors and mechanisms of hydroxylapatite and organic fertilizer 

combination (HO), single hydroxyapatite (HA), single organic fertilizer (OF), sepiolite (SP), and 

diatomite (DE) in the aqueous phase, (2) to assess the influence of these passivators on both the pH 

levels and aggregate properties of cadmium-contaminated soil, (3) to elucidate the passivation effects 

and underlying mechanisms of these passivators on cadmium contaminated soil. 
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2. Materials and Methods 

2.1. Soil and Passivators 

Soil was collected from heavy metal-polluted farmland in in Anxin County, Hebei Province, 

China. Cadmium contamination sites arise from intense industrial and agricultural activities. After 

air-drying, the soil was ground through a 2-mm sieve nylon screen. Hydroxylapatite, organic 

fertilizer, sepiolite, and diatomite derived from Lingshou, Hebei province of China. The basic 

physicochemical properties of soil and passivators were list in the Table 1. 

Table 1. Parameters of Langmuir and Freundlich adsorption isotherms. 

Passivator 

Langmuir model Freundlich model 

Qm (mg/g) KL (mg/L) R2 1/n 
KF 

(g/(mg·min)) 
R2 

HA 29.994 3.314115 0.9992 0.42628 15.95816 0.8183 

HO 29.32551 3.997655 0.9987 0.34499 15.15848 0.6448 

OF 40.12841 0.009926 0.5146 0.91421 0.423997 0.9662 

SP 11.13338 0.186969 0.9292 0.28864 3.130178 0.9805 

DE 6.135346 0.038074 0.9987 0.94863 0.196247 0.9236 

2.2. Kinetic and Isotherm Experiments of Aqueous-Phase Passivators Adsorption 

100 mg passivators and 40 mL of 80 mg/L cadmium chloride were added into 50 mL plastic 

centrifuge tubes. Subsequently, the sample were sealed and shaken at 160 rpm under 25 ± 3℃. The 

adsorption solution was sampled at different contact time intervals (10–1440 min). After being 

centrifuged at 4000 rpm for 15 min and filtered through a 0.45 μm microporous membrane. The 

supernatant was determined for the Cd2+ concentration using inductively coupled plasma mass 

spectrometry (ICP-MS). In addition, adsorption thermodynamic experiment was performed. 100 mg 

passivators were mixed with 40 mL of cadmium chloride solution with concentration ranging 

between 5 and 80 mg/L in a 50 mL centrifuge tube. Similarly, samples were sealed and shaken for 24 

h at 25 ± 3℃ and 160 rpm. After being centrifuged at 4000 rpm for 15 min and filtered through a 0.45 

μm filter, Cd2+ concentration in supernatant was determined. 

The adsorption kinetic results were fitted with pseudo-first-order (Eq. 1), pseudo-second-order 

equation (Eq. 2). The kinetic model equations are as follow: 

ln(Q
e
-Q

t
)= lnQ

e
-k1t (1) 
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Where Qe (mg/g) and Qt (mg/g) represent the Cd uptake capacity at time (min) and after reaching 

equilibrium, respectively; k1 and k2 are the rate constants of two models. 

The isotherm experiment results were fitted using the Freundlich model (Eq. 3) and Langmuir model 

(Eq. 4): 
Ce

Q
e

=
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KLQm

 (3) 
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1

n
lnCe (4) 

2.3. Passivation Experiment 

HO, HA, OF, SP and DE were used as passivators of Cd2+ in contaminated soil. The amount of 

added passivators was 0.5%, 1%, 3%, 5% of the soil mass. Added these passivators to a basin 

containing 20 g of air-dried soil samples and mixed them well was used for each test. Deionized water 

was added adjust the moisture content of soil up to 25%. The soil treatment without passivator was 

set as the blank control. The treated soil sample was placed in a constant temperature 25 ± 3℃. 

Samples was taken out on 7 day and frozen drought in a freeze drier for 48 h. The frozen drought 
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samples were then ground to pass a 0.149 mm and 2 mm nylon sieve respectively for the further 

experiment and analysis. 

2.4. Leachability of Cd 

The Cd leachability of soil samples was determined by the toxicity characteristic leaching 

procedure (TCLP), DTPA-CaCl2-TEA (DTPA), and solubility bioavailability research consortium 

(SBRC). The Cd2+ concentration was determined by ICP-MS. The results of the three leaching 

procedures correspondingly demonstrated the leaching toxicity, availability, and bioaccessibility of 

the four Cd2+ exist in the soil. 

The preparation of chemical extracts involved three distinct methods. For the TCLP, the extract 

was prepared by diluting with glacial acetic acid and deionized water, followed by a pH adjustment 

to 2.88 ± 0.05 using 1 M HNO3 and 1 M NaOH. In this process, 2 g of soil sample was combined with 

40 mL of the TCLP extract in a plastic centrifuge tube, shaken at 180 r/min for 18 hours, and 

subsequently filtered through a 0.45 µm microporous membrane for collection. The DTPA extract 

consisted of 0.1 M triethanolamine (TEA), 0.01 M CaCl2, and 0.005 M diethylenetriaminepentaacetic 

acid (DTPA), with its pH adjusted to 7.3 ± 0.2 using a 1:1 (V:V) HCl solution. For the DTPA extraction, 

1 g of soil sample and 25 mL of extract were added to a plastic centrifuge tube, oscillated at 180 r/min 

for 2 hours at 25 ± 1℃, and filtered through a 0.45 µm microporous membrane. Lastly, the SBRC 

extract, which emulates gastric juice, was prepared with a 0.4 M glycine solution and pH adjusted to 

1.5 ± 0.05 using 1:1 (V:V) HCl. The SBRC extraction involved adding 1.0 g of soil sample to 100 mL of 

the extract in a plastic centrifuge tube, shaking at 40 r/min in a 37 ± 1℃ water bath for 1 hour, and 

filtering through a 0.45 µm microporous membrane. 

3. Results 

3.1. Adsorption Capacity of Passivators 

The influence varying initial Cd2+ concentrations on the adsorption efficiency of the five 

passivators was shown in the Figure 1a. The increased initial Cd2+ concentration generally led to 

enhanced adsorption capacities across all passivators, with HO and HA exhibiting the better 

performance. Conversely, the adsorption capacities for the remaining three passivators began to 

stabilize at an initial concentration around 20 mg/L, indicating a plateau in adsorption capacity. 

To further comprehend the adsorption equilibrium under different conditions, both Langmuir 

and Freundlich adsorption isotherms were evaluated (Figure 1b–1c), with the deriving parameters 

presented in Table 1. The analysis inferred that the Langmuir model, which suggests monolayer 

adsorption on the adsorbent's surface, better aligns with the experimental data compared to the 

Freundlich model. 

Figure 1d illustrates the impact of contact time on the adsorption of Cd2+ ions by five distinct 

passivators, revealing a two-phase process characterized by a rapid initial stage followed by a slower 

one. During the adsorption process, HO and OF achieved equilibrium at approximately 720 min, 

with the equilibrium adsorption capacities recorded at 26.46 mg/g and 13.92 mg/g, respectively. In 

contrast, DE and SP did not reach equilibrium within the experimental timeframe. HA, demonstrated 

a remarkable adsorption capacity, approaching equilibrium at 1080 minutes with a capacity of 30 

mg/g. Pseudo-first-order and pseudo-second-order kinetic models was used to study the adsorption 

kinetics of passivators, with the corresponding parameters detailed in Table 2 and the fit curves 

depicted in Figure 1e–1f. The analysis indicated that the pseudo-second-order model provided a 

superior fit for the adsorption kinetics of Cd2+ on the passivators, calculating the equilibrium 

adsorption capacities for HO, OF, and HA at 28.14 mg/g, 14.12 mg/g, and 30.01 mg/g, respectively. 

This suggests that the pseudo-second-order kinetic model more accurately clarified the experimental 

observations, revealing that the adsorption mechanism is predominantly governed by 

chemisorption. 
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Figure 1. Effect of initial Cd2+ concentration on Cd2+ adsorption (a); Langmuir model (b) and Freundlich model 

(c); the effect of contact time on Cd2+ adsorption (d), pseudo-first-order (e), pseudo-second-order (f). 

Table 2. Parameters of pseudo-first-order and pseudo-second-order kinetic models. 

Passivator 

Pseudo-first-order Pseudo-second-order 

Qe (mg/g) K1 (min-1) R2 Qe (mg/g) 
K2 

(g/(mg·min)) 
R2 

HA 9.803211 0.00123 0.9752 28.13731 0.00124 0.997 

HO 0.781102 0.00301 0.9367 30.012 0.018581 0.9999 

OF 3.415657 0.00373 0.9114 14.12429 0.004579 0.9997 

SP 13.63268 0.00124 0.9496 13.18392 0.000198 0.755 

DE 5.497481 0.00265 0.882 9.919651 0.001833 0.984 

3.2. Effect of Passivators Addition on Soil pH and Aggregate 

Soil pH is a significant factor affecting the distribution and mobility of heavy metal ions. The 

untreated soil exhibits alkalinity with a pH of 9.22 (Figure 2a). After the addition of five different 

passivators, except for the HO and OF, there was a varying degree of increase in pH with increased 

passivator dosage. Notably, HA, SP and DE considerably raised the pH from 9.22 to 9.48, 9.43 and 
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9.55 at dosages of 5%, respectively. This increase is partly because the inherent pH of agents are 

relatively higher than that of the soil, which naturally rises with increasing dosages. Furthermore, 

HA, SP and DE consumes H+ in the soil, leading to a rise in pH, which in turn charges soil colloids 

with more negative charges [30], promoting the agents can adsorb more Cd2+ or transform them into 

hydroxide precipitates [31]. For the HO and OF, the contained organic fertilizer being derived from 

plant materials like straw, it generates organic acids during decomposition, thereby reducing the soil 

pH as the dosage increases [18]; at 3% and 5% dosages, the soil pH decreased by 0.26 and 0.45 

compare with CK, respectively. Both HO and OF decreased the soil pH significantly and pH 

decreased with the amount of HO and OF. After this decrease, the soil pH is more suitable for the 

growth of most plants. 

8.4

8.6

8.8

9.0

9.2

9.4

p
H

Dosage of

passivator

 0.5%

 1%

 3%

 5%

HO HA OF SP DE CK

Treatment

(a)

 

0

20

40

60

80

HO
3 5310.5

P
er

ce
n
ta

g
e 

(%
)

 500-3500 μm

 250-500 μm

 75-250 μm

 5-75 μm

 ＜5 μm

CK 0.5 1 3 5 0.5 1 3 5 0.5 1 3 5 0.5 1 3 5
HA OF SP DE

(b)

 

2.60

2.62

2.64

2.66

2.68

2.70

CK

F
ra

ct
ra

l 
d

im
en

si
o
n

Dosage of 

passivator

 0.5%

 1%

 3%

 5%

HO HA OF SP DE

(c)

 

Figure 2. Influence of passivators on contaminated soil as a function of the pH (a), aggregate distribution of 

treated soil and raw soil (b) and fractal dimension of treated soil and raw soil (c). 

Aggregates are the fundamental units of soil structure, comprising minerals and organic matter 

and effectively modulate conditions of water, nutrients, air, and temperature within the soil [32]. The 

quantity of aggregates of varying sizes determines soil structural properties, with aggregates 

distribution significantly impacting soil stability, nutrient storage and erosion, soil carbon cycling, 

and water retention capacity [33]. Aggregates serve as one of the crucial indicators for assessing soil 

fertility and quality. 

Figure 2b reveals that the distribution pattern of aggregate mass percentage is consistent across 

six treatment groups. Aggregates sizes with less than 5–75 μm and 75–200 μm constituted the largest 

mass percentage, whereas those sized 250–500 μm and 500–3500 μm were the least. Compared to 

HO, HA, and OF, the influence of SP and DE on aggregate distribution was minor. However, the 

proportion within the <5 μm aggregates gradually decreased with an increase in passivator dosage. 

With addition of HO, HA, OF, SP, and DE, showing a reduction of 23.49%, 28.51%, 37.65%, 11.46%, 

and 13.13% compared to the CK at a passivator dosage of 5%, respectively. Moreover, aggregates 

sized 5–75 μm also mostly decreased to varying degrees after passivator addition with a 5% dosage, 
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causing reductions of 19.29%, 10.60%, 12.83%, 3.82%, and 7.87% compared to the CK. Accordingly, 

passivator addition led to increases in aggregates sized 75–250 μm, 250–500 μm, and 500–3500 μm. 

Similar conclusions can be drawn from the fractal dimensions (Figure 2c), which decreased with 

increasing passivator dosage, indicating that passivators promote inter-aggregate connectivity. The 

fractal dimensions for HO and OF treatments were generally lower than the other three groups, 

particularly when dosages were at 5%, with decreases from 2.69 to 2.64 and 2.61, respectively. The 

combination of soil with HO and OF transform organic fertilizer to organic matter not only can adsorb 

Cd2+ but also the organic matter acts as a crucial binder for aggregates, binding particles together, the 

addition of these passivators leads to an increase in aggregate size [34], which is conducive to the 

crops grow. 

3.3. Leaching of Cd 

Passivator types and dosages have varying effects on the bioavailable and leachable states of 

Cd2+ in cadmium-contaminated soil. The DTPA extraction method is often used to analyze the 

potential availability of heavy metals in soil to plants. As illustrated in the Figure 3a, the DTPA-Cd 

concentration in the CK group was 1.305 mg/kg. After the addition of five passivators, the 

concentration of DTPA-Cd decreased to varying extents. HA exhibited the highest soil passivation 

efficiency at all dosages, with reductions of 14.22%, 25.67%, 35.63%, and 42.14%, respectively. 

Similarly, the cadmium immobilization capacity of HO approach HA, the reduction was 6.13%, 

12.26%, 25.29%, and 37.16%. OF also reduced part of DTPA-Cd concentrations, with a 3% and 5% 

dosage resulting in reductions of 18.39% and 19.16%. At a 5% dosage, SP and DE decreased 

bioavailable cadmium by 29.12% and 23.37%, respectively. The increase in the amount of HO and 

HA also significantly reduced the DTPA-Cd content in the soil. 
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Figure 3. Influence of passivators on contaminated soil as a function of the pH (a), aggregate distribution of 

treated soil and raw soil (b) and fractal dimension of treated soil and raw soil (c). 
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As the latest statutory heavy metal pollution evaluation method in the U.S.A., the TCLP is 

mainly used to detect the dissolution and migration of heavy metal elements in solid media. Figure 

3b shows the results of TCLP-Cd concentration. The TCLP-Cd concentration of untreated soil was 

0.45 mg/kg. After the addition of five passivators, the TCLP-Cd concentration of the soil decreased. 

Consistent with DTPA results, HA treated soil showing the lowest concentration at all dosages; with 

the addition of 3% and 5%, the leaching concentration decreased by 71.43% and 83.33% compared to 

the CK, respectively. HO, OF, SP and DE produced similar reductions in TCLP-Cd concentration at 

a 5% dosage, with decreases of 69.05%, 40.48%, 21.43% and 40.48%, respectively. With an increase in 

the amount of passivating agent, the soil DTPA-Cd contents decreased significantly. 

The SBRC in vitro simulation method, which models the environment of gastric and intestinal 

fluids to leach Cd2+ from soil, was used to assess the bioavailability of cadmium in soil. As shown in 

Figure 3c, the SBRC-Cd content at CK group was 0.026 mg/kg. Among the passivators, under the HA 

treatment, the reduction was the largest; with the addition of 3% and 5%, the reduction was 50% and 

57.69%. The reduction resulting from the HO treatment was also greater, i.e., 34.62% and 42.31% 

under 3% and 5% addition, respectively. The reductions under OF, SP and DE remediation were 

slightly lower than that under the HA and HO treatment, i.e., by 30.77%, 34.62%, and 30.77%, 

respectively. An increase in the amount of the passivation agent is conducive to a decrease in the soil 

SBRC-Cd concentration. 

4. Discussion 

In acidic conditions, heavy metals like Cd2+ are more soluble, meaning they are more likely to 

exist in an ionic form within the soil solution, making them more accessible to plants and more easily 

removed or stabilized by chemical or physical means. Conversely, in alkaline soils, Cd2+ may form 

insoluble but unstable complexes, reducing its concentration in the soil solution and making removal 

more challenging. Therefore, dealing with weakly alkaline soils may require increased passivator 

usage if only alkaline passivators are applied, but using these passivators excessively on alkaline soils 

can cause soil compaction and fertility decline. This study suggests the combination of 

hydroxylapatite and organic fertilizers to treat cadmium contaminated soil. 

The immobilization mechanisms of Cd2+ by hydroxyapatite in soil primarily encompass ion 

exchange interactions, surface complexation of Cd2+ on phosphate particles, partial dissolution of 

phosphates, and the precipitation of cadmium-containing phosphates. In comparison with control 

groups, contaminated soils treated with hydroxyapatite exhibit a marked increase in pH. This 

alteration suggests the essential role of pH modification in the immobilization processes of Cd2+ 

(Figure 4). Nonetheless, in the context of alkaline soils, the elevation in pH attributed to the 

incorporation of passivators may precipitate soil compaction, thereby influencing future agricultural 

activities. Consequently, it becomes imperative to introduce an ancillary agent for moderating the 

pH elevation after passivator application. Organic fertilizers emerge as an apt choice, producing 

humus via microbial soil activities (Figure 5). The dissociation of –COOH and –OH within humus 

releases H+, effectively counterbalancing the pH augmentation induced by hydroxyapatite. 

Furthermore, the humic surface, endowed with oxygen-containing functional groups, exhibits 

properties conducive to ion exchange, complexation, and biological activity. This suggests that 

humus could immobilize Cd2+ in soils through surface ion exchange and complexation mechanisms. 

While hydroxyapatite alone can adeptly immobilize Cd2+ in soils, synergistic outcomes are observed 

when it is used with organic fertilizers. Additionally, the inclusion of organic fertilizer can partially 

regulate soil pH, mitigating potential soil compaction. Notably, hydroxyapatite incurs a higher cost, 

approximately $1500 per ton, in stark contrast to organic fertilizer, which is derived from straw and 

animal manure and costs about $80 per ton. Thus, integrating organic fertilizer not only substantially 

diminishes the remediation expenses of cadmium-contaminated agricultural soils but also optimizes 

the utilization of organic waste. Therefore, the concurrent application of hydroxyapatite and organic 

fertilizer holds considerable promise for remediating alkaline, cadmium-contaminated agricultural 

soils. 
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Figure 4. Scanning electron microscopy images of the soil improved by the passivator: (b) soil, (c) soil+5%HO 

and the relationship between DTPA-Cd and pH (c). 

 

Figure 5. The mechanism of alkaline cadmium-contaminated agriculture soil passivation by the combination of 

hydroxylapatite and organic fertilizer. 

5. Conclusion 

In this study, the hydroxylapatite/organic fertilizer system were developed and compare with 

other passivators to remediate cadmium contaminates farmland soil. The adsorption kinetic and 

isotherm of passivator, the effect of passivators on soil pH and aggregate, and the leachability of Cd 

after passivation were investigated. The following conclusions can be drawn according to 

experimental results and discussion: 

(a) (b) 
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(1) In the aqueous phase, HO successfully adsorbed Cd2+ on the surface and has superior 

potential Cd2+ adsorption capacity than OF, DE, and SP, with its adsorption capacity closely approach 

to that of HA. 

(2) HO effectively lower the pH from 9.22 to 8.59 at the addition of 5% and change the aggregate 

distribution. The increase in the amount of passivator also significantly increased soil aggregate size. 

(3) The addition of HO significantly improved the extractable contents of Cd in the soil. With 

the addition of 5% HO, the Cd extracted by TCLP decreased by 30.95%, 42.86%, 59.52% and 69.05%, 

respectively. 

Therefore, based on the experiment results, HO is a highly efficient and low-cost organic-

inorganic composite passivator for cadmium contaminated soils. 
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