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Preface

Trace metal pollution has always been a hot topic in the field of environmental
science and engineering. Based on the accumulation from exploration of years, the
pollution cases of different causes with typical significances are carried out in this
work for the environmental effects and the behavior rules of the trace metals in
modern social and economic development. These cases include the regional trace
metal pollution in the Hetao area of the Yellow River Basin and the pollution of
metropolis areas from Shanghai and Nanjing, China. The study was, respectively,
funded mainly by the National Natural Science Foundation of China and the
international research cooperation funds (the International Collaboration
Foundation of the University of Minnesota, USA and the International
Collaboration Foundation of the New Energy and Industrial Technology Devel-
opment Organization, Japan), etc. Through the specific research work on trace
metals and the pollution in different origin background cases, the characteristics,
restrictive factors, genetic process, and the evolution trends of various kinds of the
pollution are discussed with a lot of work in order to explore the regular facts of
trace metal pollution. The goal of this study focuses on revealing the regulation of
the essential facts in the trace metal pollution in environment based on the cases
in different causes of formation for their factors, processes, and features. It is em-
phasized that the figures from analysis, facts from observations, and experiments
simulating the natural conditions are obtained from the work, in the discussion and
interpreting on the conclusions for us to understand the chemical or geochemical
processes, the relationships in the formation, and the control factors in the pollu-
tion. The main six sections of the work are represented in this book as follows:

(1) Introduction on the Trends of Trace Metal and the Pollution Research.

(2) The Study on the Regional Trace Metal Pollution in Soil and Groundwater.
(3) The Study on the Trace Metal Pollution in Metropolis Water Systems.

(4) The Experimental Study on the Environmental Behavior of Trace Metals.

(5) The Study on the Research Approaches on Trace Metal Environmental Effects.
(6) Main Conclusions from the Work.



2 Preface

From this work, it tries to reveal and induce the regularity of the behaviors of
trace metals in environmental pollution through the study on specific cases, trace
metal pollution caused by the development of society and economy in regional soil
and groundwater (the Hetao area, Inner Mongolia Autonomous Region) and that
caused by the development of modern metropolises (Shanghai and Nanjing, China).

Due to the close relation between metals and human daily life as well as the
complex behavior and change probability, the trace metal pollution rising with
human production and life may occur everywhere at any time. This pollution is
more general, complex, durable, and inconspicuous than the pollutions caused by
other hazardous substances. Moreover, there is a background content for every metal
element in natural environmental systems so that it is always difficult to recognize
the pollution from the normal status. But the crises of trace metals to the ecological
systems such as hazardousness to plants, inducing lesions or deformities to animals
and human, make the research on it be an important duty for environmental scien-
tists to have to undertake for a long time, specially to understand the principle and
regulations of this pollution in environment.

The impacts of the pollution of trace metals may generally be manifold because
of complex behaviors of them in environment. In a recent study of trace metal
pollution, the major work is the research on cases, methods, and new materials to be
used for protecting the pollution. It seems to be few systematic studies on the
mechanism and regularity of trace metal pollution in environment. This situa-
tion reflects that every case study as well as its problem of trace metal pollution is
with the frontier nature, and at the same time the pollution cases are all with
complex properties to let them be difficult to be carried out. In this book, the impact
status, the cause of formation of the pollution of trace metals to be probed from
common facts existing in the study cases, associated with the experimental study in
years in my group, are carried out to induce and conclude some issues of the
pollution of trace metals. Based on these points above, the Hetao area of the Yellow
River Basin as a regional area case and Shanghai and Nanjing, respectively, as
metropolis cases are selected to study for the pollution, which are the typical and
heavier cases for the processes and phenomenon of the regional and modern
metropolis pollution of trace metals. From the research, some rules of the behavior
of trace metals controlled by chemical or geochemical habits in regional and
metropolis pollution are probed with discussion.

The samples of this work were in solid and liquid phases, respectively, including
rock, ore, soil, sediment from rivers and lakes, suspended particles of water, resident
hair, and water, respectively, from rivers, lakes, drinking wells(phreatic water), and
mining wells. The measurements were done for concentrations of metals, nitrogen,
phosphorus, total organic carbon, and organochlorine pesticides, the isotope of Pb
and Sr, mineral composition in soil and sediment.

As important contents of this work, the experiments that simulating conditions at
the earth surface were carried out to reveal the rules and factors, respectively, for
metals absorbed and desorbed by and from soil and metals released from the grains
(ore or rock). In addition, a useful assessment approach on environmental impacts
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or bioavailability of the trace metals is proposed based on a lot of experiments and
comparison discussion.

As mentioned above, this work was funded to me, respectively, by the foun-
dations as follows:

The National Natural Science Foundation of China (granted No. 49863001);

The Foundation of the State Key Laboratory of the Research on Deposits
(granted No. SKLMD199910);

The International Collaboration Foundation of the New Energy and Industrial
Technology Development Organization, Japan (granted No. F-04001);

The Foundation of the State Key Laboratory of Environmental Geochemistry
(granted No. SKLEG6007);

The International Collaboration Foundation of the University of Minnesota,
USA (granted No. UMN-070604);

The National Natural Science Foundation of China (granted No. 41572329), etc.

In the processes of whole of this work, the help and assistants were, respectively,
obtained from the following departments: the Center of Analysis of School of
Environmental Science and Engineering Shanghai Jiao Tong University, the
Analysis Center of the Shanghai Jiao Tong University, the Center of Environmental
Monitoring Shanghai, the State Key Laboratory of Environmental Geochemistry
of the Institute of Geochemistry CAS, the State Key Laboratory of the Research on
Deposits Nanjing University, the Modern Analysis Center of Nanjing University,
the Laboratory of Elemental Geochemistry of the Department of Earth Sciences
Nanjing University, the Center of Environmental Monitoring Nanjing, the Beijing
Center of Analysis of Ministry of Nuclear Industry, the Center of Environmental
Research of the University of Tsukuba Japan, the Department of Civil Engineering
of the University of Minnesota USA, etc.

In the process of these research years, a lot of work was performed at the
Laboratory of Environmental Pollutant Behavior Chemistry, Shanghai Jiao Tong
University. The students who were mainly in the work in the laboratory of my
group and who took part partially in this work are: Xiaoyi Zhou, Ying Chen, Lina
Zhong, Yi Zhu, Jiying Li, Mengchan Jiang, Chenmin He, Nan Zhang, Aaron Sciore
(USA), Yiqing Yao et al. Moreover, many students who took part in
important work in this research can not be listed for their names here. Professor
Dongsheng Ma (Department of Earth Sciences, Nanjing University), Prof.
Zhongling Liu (Department of Ecological and Environmental Sciences, Inner
Mongolia University), Prof. Jingsheng Chen (Department of Urban and
Environmental Sciences, Peking University), Prof. Patrick L. Brezonik
(Department of Civil Engineering, University of Minnesota, USA), and Prof.
William Arnold (Department of Civil Engineering, University of Minnesota,
USA) took part in some valuable discussion in the work of this book. In the
composing process of the text, Prof. Xiaoye Liu (Shanghai University), Prof.
Chiquan He (Shanghai University), Prof. Dengxin Li (Donghua University),
Dr. Mingce Long, Dr. Xiaojue Yu, Dr. Yaolan Niu, and Dr. Jia Duo offered some
important text-sorting helps.
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This work is a huge project performed by collectivity. Except persons mentioned
above, there are ones who are not listed on and who contributed common things for
this research, and it should say that it would be impossible to finish the work
without their participation. The names of all persons who contributed their ability
and wisdom to this work will be in my heart, and the days when I worked together
with these colleagues have been my most interesting and enjoyable memories, es-
pecially for the time when I worked in the Laboratory of Environmental Pollutant
Behavior Chemistry,Shanghai Jiao Tong University. The helps, including fund
assistances, work assistances as well as the friendship and encouragements to me
from the mentioned departments and persons in this research have become my
spiritual wealth to inspire and enrich myself. I would like to express my sincere thanks
to everyone and each department who funded or took part in this work of the research!

The opinions in this book may only be limited to my knowledge and academic
view, the extents that could not reach to will hope to be pointed out and made it
perfection by readers and make it perfection.

Hui Zhang

Shanghai, China
August 2018
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Chapter 1 )
Introduction Coecicto

1.1 The Trace Metals and the Study History

The knowledge or problem of trace metals has existed for a long time. Especially in
recent decades, with the rapid development of environmental science and technology,
trace metals have been paid more and more attention as one of the most important
pollutants in the environment. In fact, there is also a gradual process of cognition in
the concept of metals, which has negative ecological effects in the environment.

In this book, the term of “trace metals” means the metal elements with poisoning or
negative impacts in environment when the amount of them reaches certain levels, and
their effects on ecosystem are always associated with their chemical or geochemical
properties. This term sometimes is mixed up “minor metals,” “heavy metals” with
seem same implication.

“Minor metals” is quoted from “minor element,” a concept of geochemistry, and
it is an important study object in the corresponding subject named as “Minor Element
Geochemistry.” Minor element is named versus major element in geochemistry.
Major element means the main elements composing the matter of the earth, generally
containing 13 elements orderly as their abundance in the earth’s crust as follows: O,
Si, Al, Fe, Ca, Na, K, Mg, H, Mn, Ti, C, and CI. These 13 elements account for 99.67%
of the total earth’s crust mass. The other 80 elements(natural elements) except the
13 elements are named minor elements, meaning all, respectively, less than 0.1%
in the substances in natural world such as rock, soil, ore, aerolite, water body, air,
biology, and sediments of ocean, lake, and river. These elements are generally with
smaller abundance in the earth crust within 1 x 107°—1 x 107°, and the total mass
of them accounts to 0.33% of the earth crust mass. The minor element is mainly in
the form of ion, dissolved compounds or complexes, hydrosol, aerosol, suspended
state or gases. Most of minor elements in natural systems migrate as complexes.

It needs to be pointed out that the minor elements are regarded to be the elements that
are not considered as major chemical calculating components in any phases in matter
system by some scholars, and are also regarded to be those with so less concentration in
studied geochemical system that should obey the law of dilute solution (Henry’s law).
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