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2.1.3 B3
2.1.3.1 Zero-Valent Iron-Reactive Recirculation Wells for Remediation of
BTEX- Contaminated Groundwater in Homogeneous and Nonhomogeneous

Aquifers

Pol. J. Environ. Stud. Vel. 32, No. 4 (2023), 3385-3394
DOL 10.15244/pjoes/163158 ONLINE PUBLICATION DATE: 2023-05-10

Original Research

Zero-Valent Iron-Reactive Recirculation Wells
for Remediation of Benzene and Toluene
Contaminated Groundwater in Homogeneous
and Nonhomogeneous Aquifers

Haowei Yuan', Zhihui Qu'*, Chaoyu Zhang?, Chao Li', Rui Qi', Lei Zhu'

'Institute of Disaster Prevention, Sanhe Hebei China, 065201
2Chinese Academy of Natural Resources Economics, Beijing China, 101149

Received: I February 2023
Accepted: 11 April 2023

Abstract

Benzene and toluene contamination of groundwater can pose a serious threat to human health.
Although extraction-treatment and other ex-situ remediation technologies can be used to rapidly
reduce the concentration of pollutants at the initial stage of remediation, the inevitable tailing and
rebound effects make it a research hotspot to explore more efficient in-situ remediation technologies.
Groundwater circulating well is a kind of in-sire remediation technology for groundwater that is
more and more widely used. This paper improves the removal efficiency of benzene and toluene by
adding zero-valent iron reaction materials to the well structure, through the comparative experiment
of homogeneous and heterogeneous aquifers, it is concluded that the remediation efficiency of pollutants
in homogeneous aquifers is higher than that in heterogeneous aquifers. This paper provides a theoretical
basis for the engineering practice of zero-valent iron reactive groundwater circulation well.

Keywords: benzene, toluene, groundwater circulation well

Introduction production, so these pollutants are widely present

in pesticide chemical contaminated sites [4-6]. The

Organic pollution of groundwater is a prominent damage caused by benzene and toluene is enormous.

problem, especially benzene and toluene as the Specifically, benzene can cause leukemia in adults

representative of the benzene hydrocarbons pollution and congenital defects in infants, toluene can harm

is very serious. [1-3]. Benzene and toluene, as organic the urinary system and retard bone growth. and even

solvents commonly used in industry, are widely used cause mutations and deformities in severe cases, which

in industrial production, and at the same time, these can affect muscle and bone growth and can also lead to
substances are often used in the process of pesticide deformities [7-9].

A number of domestic and international experts
have proposed solutions for benzene contamination of
groundwater. Kao et al. [10] monitored benzene at the
*e-mail: qzh-19831001@163.com gasoline leak site and obtained a daily natural attenuation
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2.1.3.2 Study on the effectiveness of reactive circulation wells for remediation of

benzene and toluene contaminated groundwater

Pol. J. Environ. Stud. Vol. 33, No. 4 (2024), 4447-4454
DOIL: 10.15244/pjoes/176159 ONLINE PUBLICATION DATE:

Original Research
Study on the Effectiveness of Reactive
Circulation Wells for Remediation of Benzene
and Toluene Contaminated Groundwater

Shengdong Zhang!', Zhihui Qu', Haowei Yuan?, Wei Du?, Yan Su?,
Biao Yu', Jiayu Xiao'

'Institute of Disaster Prevention, Sanhe Hebei China, 065201
*CECEP DADI(Hangzhou) Environment Remediation Co.,Ltd, Hangzhou Zhejiang China, 310020
3Suzhou Qianxing Environmental Engineering Co., Ltd, Taichang Jiangsu China, 215431
*Shenyang Academy of Environmental Sciences, Shenyang Liaoning China,110000

Received: 21 August 2023
Accepted: 30 November 2023

Abstract

A static batch test was used to determine the optimal ratio of Fenton’s reagent for removing
benzene and toluene from contaminated subsurface at a site, followed by a two-dimensional simulation
tank experiment, where benzene and toluene were distributed throughout the tank, and then in the
groundwater circulation wells. The Fenton’s reagent of 0.05 L of 3% H,0O, and 6.12 g of FeSO,-7H,0
was added in the ratio of 0.05 L of 3% H,0, and 6.12 g of FeSO,-7H,0, and the reactive circulation
wells were initiated at an aeration rate of 15 L/minThe results showThe groundwater circulation
close to the circulation wells is highly disturbed, the mass transfer between the gas and water
phases is strong, benzene and toluene are preferentially removed, and a remediation area centered
on the circulation wells is gradually formed; after 12 h of cumulative aeration, contaminants within
a 50 cm radius from the circulation well were below the detection limit. Residual benzene and toluene
were concentrated in the area on both sides of the simulation tank, away from the circulation well
The contaminant removal efficiency within the 50-cm radius of influence of the circulation wells was
high, and the enhanced remediation of benzene- and toluene-contaminated groundwater by reactive
circulation wells using Fenton’s reagent as the remediation agent was more effective

Keywords: groundwater, benzene, toluene, reactive circulation wells

*e-mail: qzh-19831001@163.com
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2.1.3.3 Study on the remediation of hexavalent chromium groundwater by

zero-valent iron

Advances in Engineering Technology Research ICBDEIMS 2023
ISSN:2790-1688 DOI: 10.56028/aetr 4.1.105.2023

Study on the remediation of hexavalent chromium groundwater
by zero-valent iron

Haowei Yuan ' 2, Chaoyu Zhang?®", Zhihui Qu',Boyu Song?, Jinyu Lai
3Qiang Shan“, Chao Li", Biao Yu ', Shendong Zhang ', Jiayu Xiao

'Institute of Disaster Prevention, Langfang, Hebei Province, 065201, China;

2Chinese Academy of Natural Resources Economics , Beijing,101149, China;

3Foreign Environmental Cooperation Center, Ministry of Ecology and Environment of China, Beijing
100035, China;

4 Hebei geological environment monitoring institue, .Shijiazhuang, Hebei Province, 065201, China;
aYuanhaowei1210@163.com, ® chaoyu1226@163.com

Abstract. This study investigates the potential problems of zero-valent iron remediation of
hexavalent chromium contamination by varying the type and dosage of zero-valent iron, finding a
suitable zero-valent iron reaction material for application in actual remediation sites, and
determining the dosage of zero-valent iron so that it can achieve remediation results without
causing waste. To further investigate the effect of petroleum hydrocarbon contaminants on the
remediation effect, the petroleum hydrocarbon contaminants were mixed with hexavalent chromium
solution and a suitable amount of zero-valent iron was added.

Keywords: Zero-valent iron; Cr(VI); Petroleum hydrocarbons.

1. Introduction

Chromium is widely used in metallurgy, tannery, printing and dyeing industries, which leads to
widespread chromium pollution in the soil and groundwater environment™”. Based on the principles
of remediation methods, chromium contaminated sites can be broadly classified into chemical,
biological, and physical methods™. Zero-valent iron (ZVI) has been known as an ideal material for
pollution remediation, especially for the contamination of heavy metals, since its better removal
effect on chlorinated organics was reported in the late 20th century. As a non-toxic and well-active
material, zero-valent iron (ZVI) has been widely used for in situ remediation of hexavalent
chromium in soil and groundwater™. Nano zero-valent iron (nZVI) will be more effective than
zero-valent iron (ZVI) in restoration, however, due to its nano-size effect and magnetic effect, it
tends to rapidly plate into a block, so it needs to be modified in the actual use process, which will
increase the cost in the actual engineering application and is therefore relatively limited to
large-scale application™ *.

Through controlling the single variable, the effects of iron powder type, pH and iron powder
dosage, aeration and petroleum hydrocarbon pollutants on the degradation rate of hexavalent
chromium by zero-valent iron were investigated. The study will result in a laboratory simulation of
the impacts of various factors on the remediation effect, providing a superior data support for future
application of the method in practical engineering. '

2. Materials and apparatus
2.1 Materials

The main reagents for the experiment are shown in Table 1.

105
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2.1.3.4 Fenton-reactive groundwater circulation well for Groundwater

Remediation of Toluene Contaminated Site

© 2024 The Authors Water Practice & Technology Vol 19 No 7, 2673 doi: 10.2166/wpt.2024.155

Fenton-reactive groundwater circulation well for groundwater remediation of a
toluene-contaminated site

Biao Yua, zhihui Qu b+ Ljuhui Jiange, Haowei Yuane, Yan Sud and Qian Liu?

#School of Ecology and Environment, Institute of Disaster Prevention, Sanhe, Hebei 065201, China

“ Hebei Key Laboratory of Resource and Environmental Disaster Mechanism and Risk Monitoring, Sanhe 065201, China
©CECEP DADI (Hangzhou) Environmental Remediation Co., Ltd, Hangzhou 215000, China

9 shenyang Academy of Environmental Sciences, Shenyang 215000, China

*Corresponding author. E-mail: quzhihui@cidp.edu.cn

{2) 2Q, 0000-0002-9053-4692

ABSTRACT

In order to improve the remediation efficiency of the groundwater circulation well (GCW)on toluene-contaminated soil, we used
a combination of GCW and Fenton reagent for remediation. Taking a toluene-contaminated site in Suzhou City, Jiangsu Pro-
vince, China, as an example, Fenton reagent with a molar ratio of H,0,/contaminant = 10:1 and H,0,/Fe®* = 2:1 was added
to GCW at an aeration rate of 0.005 m*/s. After 216 h of remediation, the toluene concentrations at the site were reduced
to the remediation target values. In this study, the Fenton reagent was rapidly delivered to the influence radius of GCW,
which reduced the time required for remediation and provided a new model for the application of GCW.

Key words: Fenton reagent, groundwater circulation well, toluene

HIGHLIGHTS

® Fenton-reactive groundwater circulation well (GCW) was used for toluene removal from the contaminated site.
® |n this study, the cost of repairing 1 m* contaminated groundwater is 300-400 yuan, with high economic benefits.
® Fenton-reactive GCW is effective for toluene remediation in actual silt-contaminated sites.
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2.1.3.5 Simulation experiment of acid rain leaching in different media vadose

zones polluted by copper

Desalination and Water Treatment 323 (2025) 101293
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Simulation experiment of acid rain leaching in different media vadose
zones polluted by copper
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Xue Xia ™", Zhihui Qu ™" ®, Xin Song %, Biao Yu™"*, Wei Du"

* Instinte of Disaster Prevention, Sanhe 065201, China

"Be:;mx Disaster Prevention Technology Co., Lid, Beifing 101199, China
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9 Solid Waste and Chemicals Management Center, Minisiry of Ecology and Environment of the Peaple’s Republic of China, Bejfing 100029, China
© Suzhou Qianxing Environmental Engineering Co., Ltd, Taicang, Jiangsu, China

ARTICLEINFO ABSTRACT

Keywords: The leaching process of copper in the polluted medium and the pollution risk to the underground environment
Natural rainfall under the conditions of acid min (pH 5.02 £ 0.02), natural rmin (pH 6.8 £ 0.02), and different rainfall (moderate
Acid rain rain, heavy min, and rainstorm) were examined through simulated column experiments with fine sand and
Heavy metal 4 e

medium sand as the vadose zone media. The results showed that Cu™ release underwent three distinct phases:
saturation phase, rapid release, and gentle release. Under acid rainfall leaching (pH 5.02 & 0.02), the lowered pH
of the vadose zone media enhanced copper migration. Increased rainfall volume significantly accelerated both
the release rate and cumulative Cu® release, with the highest cumulative release observed under rainstorm
conditions. Furthermore, lithological differences between media types influenced copper adsorption capacity, as

Dynamic simulation

fine sand exhibited stronger adsorption and lower leaching efficiency compared to medium sand.

1. Introeduction

Since the 20th century, the rapid development of industrialization,
urbanization, and agricultural intensification has made soil heavy metal
pollution a significant environmental problem[1]. Copper pollution is
widely present in soils of mining, industrial, and agricultural areas. Its
primary sources include copper-containing pesticides, metallurgical
waste discharge, mining wastewater, and stormwater runoff, resulting in
soil copper concentrations far exceeding the soil's environmental ca-
pacity[2.3]. Heavy metals in scil migrate through rainfall-induced
leaching and runoff, and eventually infiltrating groundwater and
posing significant risks to ecosystem stability and groundwater safety
[4-6]1.

Studies have shown that physical and chemical properties (such as
soil pH and texture), the inherent characteristics of heavy metals, and
environmental factors (including rainfall acidity and volume) all affect
to some extent the transport behavior of heavy metals in soil[7-9]. Acid
rain, a prevalent environmental issue in China, serves as the primary
natural driver for heavy metal migration from pollution sources.

Prolonged acid rain leaching induces soil acidification, which facilitates
the transformation of heavy metals into more active forms. This
geochemical process significantly enhances vertical metal migration and
leaching potential[10,11], ultimately leading to groundwater contami-
nation. Therefore, it is important to pay attention to the leaching char-
acteristics of heavy metals in soil under rainfall conditions and their
threat to groundwater.

Heavy metal transport and leaching patterns in seil have been the
focus of researchers’ attention. Rainfall has an impact on heavy metal
transport, and soil texture plays a key role in this process, which is
related to water retention and pore structure, among other things, and
also has a significant effect on adsorption and desorption processes [12].

Numerous studies have investigated the leaching behaviors of mine
tailings [13.14] and smelting slags [15-17] under natural rainfall or
simulated acid rain conditions [15-21], and most of the studies have
been conducted on concentrated highly polluted media such as tailings
and backfill, while relatively few studies have been carried out on
different vadose zone media. However, these experiments have pre-
dominantly focused on acid leaching environments, with limited

* Correspondence to: Yanjiao high tech Zone, No.465, Xueyuan street, Sanhe, Hebei 065201, China.

E-mail addresses: Xiaxuuue(7@163.com (X. Xia), qzh-19831001@163.com (Z. Qu), 52614

163.com (W. Du).

hitps://doi.org /10.1016/j.dwt 2025.101293

9@qq.com (X. Song), 674066896@qq.com (B. Yu), 17687408668@
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Available online 24 June 2025

1944-3986/© 2025 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license (htip://creativecommaons org/licenses/by/4.0/).
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2.1.3.6 Investigation and evaluation of manganese background value of shallow

groundwater in jidong plain and study on the causes of high background value

Environmental Earth Sciences (2025) 84:281
https://doi.org/10.1007/512665-025-12311-3
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Investigation and evaluation of manganese background value
of shallow groundwater in jidong plain and study on the causes
of high background value

YueWang'? - Haowei Yuan® - Yang Wang™®? - Zhihui Qu'2 - Rui Qi"? - Wei Du® - Ying Zhang'2©®

Received: 18 January 2025 / Accepted: 4 May 2025 / Published online: 15 May 2025
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Abstract

Heavy metal contamination of groundwater is a major challenge to ensuring a safe global water supply. Mn** ions have
become the main contributing indicator of shallow groundwater exceeding Class IIT water in the Jidong Plain, posing a threat
to the local ecological environment and the health of residents. In this study. the distribution characteristics and influencing
factors of Mn?* were investigated based on the water chemistry analysis and geological conditions of 171 shallow ground-
water samples. The study used mathematical and statistical methods to calculate the background values and found that 66%
of the groundwater was unsuitable for direct drinking through the EWQI water quality evaluation method, and the high-Mn
groundwater was mainly distributed in the coastal areas. The results show that the migration and enrichment of Mn** are
closely related to the nature of the overburden and the conditions of groundwater runoff. Long-term monitoring of Mn>*
content and management measures is recommended to ensure the safety of groundwater quality. The results of this study can
provide a scientific basis for further rational evaluation of the shallow groundwater quality and the degree of groundwater
pollution in the Jidong Plain.

Keywords Background value - Jidong Plain - Manganese - Shallow groundwater

Introduction (Guo etal. 2017). Groundwater with Mn>* concentrations
> 1.0 mg/L will not only cause changes in water color and
Manganese (Mn) is one of the variable-valent elements  turbidity, but also cause chronic poisoning to the human
abundantly stored in the earth's crust, and soluble divalent body, which is a threat to human health. Some studies have
manganese ions (Mn**) are commonly found in groundwater ~ shown that long-term consumption of groundwater with
Mn>* concentrations > 1.0 mg/L can cause digestive and
B Ying Zhang neurological diseases (Bhutiani et al. 2016). Excessive accu-
zhangying @cidp edu.cn mulation of Mn®* ions in the human body can lead to organ
damage, cirrhosis, hepatocellular carcinoma, joint pain and
ferritin-containing diseases (Avigliano and Schenone 2015
Yadav et al. 2019; Chen et al. 2024). Also poor cognition,
Beudt Rey L ahoralosyint Resonres o Hivirotmenal, memory and attention behaviors in children are associated
Disaster Mechanism and Risk Monitoring, Sanhe, Hebei, [ 5 g Z e 4
China with elevated Mn** concentration in drinking water (Desi-
*  CECEP DADI (Hangzhou) Environmental Remediation Co., m(]‘nc jpadc s pupqn 2(}2“.‘ g Ya]uc il P(hil;nzﬂ =
Ltd, Hangzhou 215000, China China's groundwater quality standard is 0.4 mg:-L™" (Gen-
eral Administration of Quality Supervision Inspection and
Quarantine of China 2017). High-Mn groundwater exists
in many countries around the world, New Zealand, Swe-
den, Bangladesh, Nigeria, China and North Carolina, USA

School of Ecology and Environment, Institute of Disaster
Prevention, Sanhe, Hebei, China
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Hebei Geological Environment Monitoring Institute,
Shijiazhuang, Hebei, China

w

Hebei Key Laboratory of Geological Resources
and Environment Monitoring and Protection, Shijiazhuang,

Hebei, China (Sharma et al. 2021; Johnson et al. 2018). Mn>* concentra-

®  Suzhou Qianxing Environmental Engineering Co., Ltd., tions in groundwater exceeded the standard in 18 provinces
Taicang 215431, China in China, mainly in large alluvial plains and inland basins,
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2.1.3.7 Analysis of the environmental background values and health risk

assessment of shallow groundwater in the Jidong Plain
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Analysis of the environmental background values and
health risk assessment of shallow groundwater in the
Jidong Plain
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ABSTRACT ARTICLE HISTORY
Determining background chemical levels in groundwater is crudial for a Received 17 August 2024
rational evaluation of groundwater pollution and assodated health Revised manuscript
risks. To identify the environmental background levels of chemicals in ~ Accepted 26 January 2025
the shallow groundwater of the Jidong Plain and evaluate assodated
health risks, 10 indicators from 1181 shallow groundwater samples Jidong Plain; shallow
were selected. Mathematical and sta_tlstlcal methnds were used to ca‘I- groundwater; background
culate the background levels, on which health risks were evaluated via levels; health risk

the USEPA health risk evaluation model. The groundwater in the study assessment

area was weakly alkaline, with pH values ranging from 6.65 to 8.6 and

low spatial variability. The minimum and maximum background levels

of total dissolved solids were 106 mg/L and 10533.91 mg/L, respectively,

indicating large spatial variation. The groundwater in the study area

ranged from freshwater to slightly saline water, with variations in water

chemistry from a Ca-HCO; dominant type to a Na-Cl dominant type.

The potential non-carcinogenic health risks for adults and children from

drinking water were less than 1, which is deemed acceptable for

humans. The analysis of background chemical levels in groundwater

and the associated health risks provides a scientific basis for ensuring

safe drinking water, ecological and environmental protection, and the

prevention of groundwater pollution.

KEYWORDS

Introduction

The increase in human production activities in recent years has led to increasing distur-
bances to the groundwater environment, particularly shallow groundwater, due to its shal-
low depth and frequent exchanges with surface water (Li et al. 2021). Consequently, some
water quality deteriorates; furthermore, groundwater pollution has become a significant
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report on groundwater dynamics by China’s Ministry of Water Resources (MWR)
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Application research of QR code in the teaching of groundwater laboratory

QI Rui', QU Zhihui', ZHU Lei's ZHANG Ruilei*, GU Hongbiao'
(1. School of Ecology and Environment; 2. School of Emergency Management, Institute of Disaster
gy gency &

Prevention, Langfang 065201, China)

Abstract: In response to the many problems existing in experimental teaching of groundwater majors,
it is proposed to introduce QR codes into experimental teaching and combine them with the WeChat
public platform to meet the current needs of information technology teaching. Design and use Matlab
software to draw the organized article links, obtain a series of QR codes for experimental projects and
instruments, and then integrate experimental teaching materials to build a WeChat public platform for
groundwater resources and environment laboratory. Through investigation, it has been shown that the
application of QR codes can not only save manpower and resources, achieve diversification and interest
in ex])erimentﬂl courses, l)l_ll ﬂls() pr(lvi(l(-! (:Unveni(‘!n(:e f(lr lhe mﬂﬂﬂg(‘!menl kirl[l mﬂintenﬂn(:e (’f lﬂ})[)lﬂ*
tory instruments. Analyzing students” browsing data can further improve existing experimental courses,
transforming them from teacher centered to student interest oriented, improving the efficiency of experi—
mental teaching and students” leamning enthusiasm.

Key words : lalmmt()ry lea(:hing; QR code; tea(:hing reform; WeChat pul)li(: account
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experiment
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ESAT 2022

Study on radius of influence of groundwater circulation well in
the field experiment

Haowei Yuan ' #, Zhihui Qu'4, Chaoyu Zhang? *, Yutong Jiang * and Ying Zhang

!nstitute of Disaster Prevention, Langfang, Hebei Province, China
2Chinese Academy of Natural Resources Economics |, Beijing,China
3 Nanjing Tech University, Nanjing, Jiangsu Province,China
“Beijing Disaster Prevention Technology Co., Beijing, China

Abstract. In recent years, groundwater circulation wells (GCW) have gradually become a research hotspot
as an In-situ remediation technology. This technology reduces the construction of gas phase extraction wells
and saves underground space compared to the traditional Air sparging (AS) remediation technology, the
remediation process involves both volatile removal and microbial degradation. This study fully combines the
background conditions of an organic contamination site and designs a positive circulation airflow lift
circulation well. By analyzing the diffusion law of chloride tracer with aeration time and the changes of water
level and water pressure of the monitoring well, it is known that the influence radius of the circulation well
can be stabilized at 5.00 m when the aeration volume is 10 L/min.It not only has an essential demonstration
significance for the development of groundwater circulation well remediation technology, but also provides
reference process parameters for subsequent applications in type site remediation engineering applications

1. Research Area and Methodology

1.Aeration tube
2.Regulating valve
3.Airvent

4.External well pipe
5.Upper flower tube
6.Water resistant seals
7.Inner well pipe
8.Aeration head
9.Fixed bracket
10.Lower flower tube

1.1 Overview of the research site

The research site 1s located in the alluvial plain of the
Yangtze River Delta, with elevations ranging from 3.50 to
5.80 mHu et al[l] used the high-density resistivity
method to analyze the resistivity differences to conclude
that the area is made up mainly of pulverized clay layers,
silty pulverized clay layers. and locally pulverized fine
sand layers.The groundwater flow direction in the study
area shows a trend from southeast to northwest.

1.2 GCW circulation well design and well laying

1.2.1 Design of GCW circulation wells

Groundwater circulation well technology, as an in situ
remediation technique, has shown great promise for
application in actual site remediation[2-5] .The key to
recirculating  well rehabilitation technology 1s the
circulation of water.In order to ensure that the purpose of
continuous groundwater circulation is effectively
achieved, the appropriate internal structure of the GCW
and related connection fittings are designed, and a series
of parameters such as the length of the wellbore, the size
of the well diameter, and the location of the tloral tube are
determined.

Figl. Circulation well design drawing

(D6.00 m length and 245.00 mm inner diameter for the
outer well pipe and 5.00 m length and 150 mm inner
diameter for the inner well pipe;

@After the outer well pipe is ready, the inner well pipe is
installed into it, and the upper top surface of the inner well
pipe is 5.00 cm above the upper floral pipe, and the bottom
end of the inner well pipe is 25.00 cm from the bottom
surface of the outer well pipe;

@) The tip of the inner well pipe is 20.00 em from the top
surface of the outer well pipe;

: Corresponding author: chaoyul226@]163.com

© The Authors, published by EDP Sciences. This is an open access atticle distributed under the terms of the Creative Commons Attribution
License 4.0 (http://creativecommons.org/licenses/by/4.0/).
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