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A level IV fugacity model is used to simulate the fate and transfer of DDT in the Lanzhou area over a 67-
year period from their introduction into agricultural field until 2019. The established model is success-
fully applied to simulate the transfer processes and the concentration distribution of DDT in four environ-
mental compartments: air, water, soil, and sediment in Lanzhou area under non-steady state
assumptions. Furthermore, the calculated results agree well with monitoring data from the literature
in same period of time. We assume 20% of the total usage of DDT enters into air and 80% enters the soils.
The results indicate that the main source of DDT in the area is agricultural application, the biggest bulk
sink is soil (accounting for 99.8% of total amount in the environment). Among all the transfer processes,
the deposition from air to soil, deposition from air to water, soil erosion, and sedimentation from water to
sediment are the primary processes, and the degradation in soil and air are the key process of DDT
disappearance.

� 2010 Elsevier Ltd. All rights reserved.
1. Introduction

The organochlorine pesticide DDT (dichlorodiphenyltrichloro-
ethane) has been widely used since the 1940s for controlling agri-
cultural pests and to combat vectors of insect-borne diseases, such
as typhus or malaria (Schenker et al., 2009). DDT is resistant to
biotic and abiotic degradation, which makes it very persistent in
the environment. For this reason, significant level of DDT is still
being detected worldwide in air, water, soil, plants and wildlife
after large-scale agricultural usage has been banned. The DDT
residues in the environment may have a high risk potential to
the ecosystem and human healthy in China. DDT can do harm to
nervous and reproductive systems and cause cancer (Beard,
2006). A number of case studies and small analytical studies
undertaken in the early 1990s have also indicated that exposure
to DDT may be one of the significant environmental risk factors
for breast cancer (Falck et al., 1992; Wolff and Toniolo, 1995).

A large amount of dichlorodiphenyltrichloroethane (DDT) was
applied to agricultural area in Lanzhou between 1952 and 1983.
According to Guo and Wang’s emission data (Guo and Wang,
1992), the consumption of DDT applied in agricultural land was
estimated to be 7.05 � 104 mol a�1 between 1952 and 1983 (Guo
and Wang, 1992). Due to agricultural application, subsequent dry
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or wet deposition, surface runoff, and leaching to soil, the environ-
ment is wide1y contaminated by DDT (Yao, 2009). Based on above
reasons, production and agricultural application of DDT have been
prohibited since 1984 in Lanzhou. However, recent studies on DDT
pollution in Lanzhou area show that the pollution levels are still
high. For example, in an investigation on the fate of persistent or-
ganic pollutants (POPs) in the Lanzhou Valley, the average concen-
trations of DDT in the soil samples were 22.6 ng g�1 (Gansu
Environmental Protection Bureau, 2005). There are very interesting
and pioneering studies of DDT concentration levels in soils from
different regions in China and other countries. Compared with
other regions in China and other countries, concentrations of
DDT in soil of Lanzhou were higher than those data reported in
some regions in china and other countries such as Taiwan
(20 ng g�1) (Thao et al., 1993), Tibet plateau (n.d.–2.83 ng g�1)
(Fu et al., 2001), Thailand (8.3 ng g�1) (Thao et al., 1993), United
States (9.63 ng g�1) (Aigner et al., 1998), United Kingdom (0.1–
10 ng g�1) (Meijer et al., 2001), and South Korea (<3 ng g�1) (Kim
and Smith, 2001). However, the DDT concentrations in soil of Lanz-
hou were lower than those such as Beijing (140.79 ng g�1) (Zhu
et al., 2005), Vietnam (110 ng g�1) (Thao et al., 1993), and Poland
(4.3–2400 ng g�1) (Falandysz et al., 2001). The DDT concentration
in soil of Lanzhou is in a moderately polluted degree. So it is very
important to deduce current ecological risk of DDT by evaluating
the DDT residues in main environmental media of the Lanzhou
area.

To assess the dynamic environmental fate and transfer of DDT,
it is necessary to simulate the transfer flux and concentration of
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DDT in the multimedia environment. But the available monitoring
data are very limited because we have few representative data in
time and space from monitoring. Thus a level IV fugacity model
provides a valuable overall description of the fate of DDT and has
helped to further enhance our understanding of the processes con-
trolling DDT concentrations in various environmental media such
as air, water, soil and sediment (Mackay and Paterson, 1991; Cow-
an et al., 1995). A level IV fugacity model has been successfully
used in a number of cases to simulate the fate of POPs. For exam-
ple, it has been applied to simulate the transfer processes and fate
of DDT in Hangzhou from 1953 to 2020 (Cao et al., 2007), and the
fate of c-HCH in Tianjin over a 68-year period (Tao et al., 2006).

In this study, a level IV fugacity model was used to simulate the
transfer processes and the fate of DDT in the Lanzhou area before
and after the ban of DDT use as pesticides. Distributions of DDT
concentrations in air, water, soil, and sediment and transfer fluxes
of DDT across these compartments were then estimated. Reliability
of the model estimates was evaluated by various means including
concentration validation and sensitivity analysis. The model results
were also compared with the outcomes from Tianjin and Hangz-
hou, and the transfer process showed significant difference be-
tween Lanzhou and these regions. The possible causes of the
various transfer processes were also analyzed.
2. Materials and methods

2.1. Study area

The Lanzhou Valley is located at the intersection of Qinghai–Ti-
bet Plateau, the Inner Mongolian Plateau and the Loess Plateau
(Fig. 1). It is 1631.6 km2 with an east–west distance of 114 km
and a maximum north–south width of proximately 35 km and is
surrounded by mountains and hills that rise to 500–600 m.
Approximately 2.0 million people live in four residential districts,
including Xigu, Anning, Qilihe and Chengguan. Lanzhou City is on
the upper reaches of the Yellow River. The Yellow River runs
through the Lanzhou city from west to east, with mainstream
50 km long, the water surface area in Lanzhou reach of the Yellow
Fig. 1. Map of China showing the three study
River is equivalent to the water surface area of several large reser-
voirs. In addition, there are a large number of wetland widely dis-
tributing along the Lanzhou reach of Yellow River. Hence, the
water area represents 10% of the surface area (Feng, 2009). The
Lanzhou Valley has a continental climate of the north temperate
zone, with an annual average temperature of 9.3 �C. The annual
precipitation is 327.7 mm, of which 50% occurs during the July–
September period. The monthly average of the surface wind speed
is approximately 0.8 m s�1 (Ta et al., 2004).

2.2. Model framework

A level IV fugacity model was applied to simulate the changes of
concentrations and transfer of DDT between 1952 and 2019. The
framework of the model was similar to the one used for Tianjin
in a previous study (Li et al., 2006), based on Mackay (Mackay
and Paterson, 1991; Wania and Mackay, 1995). The study area
was defined as four bulk compartments: air (gas and airborne par-
ticles), water (water and suspended solids, and fish), soil (air,
water, and solids), and sediment (water and solids). The concentra-
tions and the transfer fluxes of DDT between 1952 and 2002 were
calculated by this model, and a further calculation was done to pre-
dict the future changing of DDT in the following 17 years according
to the simulating results. The differential mass balance equations
for the four compartment model are as follows:

V1Z1
df1

dt
¼ E1 þ GA1CB1 þ f2D21 þ f3D31 � f1ðD12 þ D13 þ DR1 þ DA1Þ

ð1Þ

V2Z2
df2

dt
¼ E2 þ GA2CB2 þ f1D12 þ f3D32 þ f4D42 � f2ðD21 þ D24

þ DR2 þ DA2Þ ð2Þ

V3Z3
df3

dt
¼ E3 þ f1D13 � f3ðD31 þ D32 þ DR3Þ ð3Þ

V4Z4
df4

dt
¼ E4 þ f2D24 � f4ðD42 þ DR4 þ DA4Þ ð4Þ
cities of Lanzhou, Tianjin, and Hangzhou.
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where Vi is the volume of the compartment i, Zi is fugacity capacity
of the compartment i, fi is the fugacity of the compartment i, Ei is
emission rate into the compartment i, GAiCBi is advection input to
the compartment i, Dji is the transfer coefficient from compartment
j to compartment i. DRi and DAi represent degradation rate coeffi-
cient and advection flow rate coefficient of compartment i, respec-
tively. A single subscript (1, 2, 3, or 4) represents bulk compartment
of air, water, soil, or sediment, respectively.

2.3. Parameters

All parameters are collected from literatures or laboratory
examinations. There are 62 parameters in this study, which include
environmental properties, transfer processes, application rates of
technical DDT, and physicochemical properties of DDT. The details
of model parameters are presented in Supplementary material.
(See Tables S1–S4.)

The values of physicochemical properties of DDT including half-
life derived from previous studies or most frequently used in the
model calculation (Liu, 2005; Mackay et al., 2006). Degradation
rate constants of DDT in different compartments were calculated
from following formula (Mackay, 2001): KRi = 0.693/t1/2. KRi is the
degradation rate constants in compartment i, t1/2 is the half-life
in the corresponding compartment. The formula is from Mackay’s
book (Mackay, 2001). These values are summarized in Table S1.

Table S2 lists the volumes, areas, organic carbon contents, and
other compartment parameters of the Lanzhou area. The volumes
and areas of air, water, soil, and sediment were from Lanzhou Cho-
rography (Editorial Committee of Lanzhou Chorography, 1998).
Depth in air were from Mackay’s book (Mackay, 2001), Depth in
water were from Wang’s work (Wang, 2006), Depth in soil and sed-
iment were from Mackay and Paterson’s work (Mackay and Pater-
son, 1991). Volume fraction of Air were from Mackay and Paterson
(1991), volume fraction of solid in air were from Yang’s work (Yang
et al., 2005). Volume fraction of water were from Mackay and Pat-
erson (1991), volume fraction of solid in water were from Lanzhou
Chorography (Editorial Committee of Lanzhou Chorography, 1998),
volume fraction of fish in water were from Mackay and Paterson
(1991), fraction organic carbon of solids in water were from Qiou’s
work (Qiou, 1989). Volume fraction of air, water, and solid in soil
were from Mackay and Paterson (1991), fraction organic carbon
of solids in soil were from Lanzhou Chorography (Editorial Com-
mittee of Lanzhou Chorography, 1998). Volume fraction of water
and solid in sediment were from Mackay and Paterson (1991), frac-
tion organic carbon of solids in sediment were from Qiou’s work
(Qiou, 1989). In this study, agricultural application, air and water
advection are the main inputs of DDT, the environmental processes
considered include advection, reaction, and intermediate pro-
cesses, such as diffusion, absorption, runoff, deposition, and so
on. The route of DDT disappearance from study area includes deg-
radation, air and water advection. All these processes are listed in
Table S3. The coefficients of environmental transfer processes are
listed in Table S4. These values are obtained from the literatures
and the statistics information on the Lanzhou area (Mackay and
Paterson, 1991; Mackay, 2001; Centre for Environmental Model-
ling and Chemistry (CEMC) http://www.trentu.ca/cemc, 2003;
Gansu Environmental Protection Bureau; Liu, 2005; Zhang, 2005).
Rain rate were from Gansu Environmental Protection Bureau. Dry
deposition velocity were from Zhang’s thesis recommended value
for Lanzhou. Air-side mass transfer coefficient over water, water-
side mass transfer Coefficient under air, soil–air phase diffusion
mass transfer coefficient, and soil water phase diffusion mass
transfer coefficient were calculated by Liu’s method (Liu, 2005).
All the calculated formula were modified by Liu. Liu’s method
was collected from following literature (Fuller et al., 1966; Hayduk
and Laudie, 1974; Southworth, 1979). All the calculated formula
were given in the Supplementary material. Water runoff rate from
soil were calculated from following formula (Mackay and Paterson,
1991): UEW = 0.4UR. UEW is water runoff rate from soil, UR is rain
rate in Lanzhou area. Air-side mass transfer coefficient over water,
water-side mass transfer coefficient under air, soil–air phase diffu-
sion mass transfer coefficient, soil water phase diffusion mass
transfer coefficient, rain rate, dry deposition velocity, and water
runoff rate from soil were specific to the Lanzhou area. These inter-
media transport parameters differ from the one used by Mackay.

It is reported that during pesticide application event, up to 30–
50% of the amount applied can be lost to air (Van den Berg et al.,
1999). Li et al. (2006) assumed that the total rate of DDT applica-
tion was divided into entry into soil (80%) and evaporation to
atmosphere (20%). The low temperature and low precipitation in
Lanzhou, China, can slow down the DDT volatilization. Therefore,
Li’s method has been adopted in this study. We presumed that
20% of the total usage of DDT entered into air and 80% into soil.
No monitoring data were available for the inflow air advection con-
centrations of DDT in the upper-wind of the study area. The inflow
air advection concentrations of DDT were neglected. Due to the
lack of monitoring data about the inflow water concentrations of
DDT, the inflow water concentrations were also neglected.

2.4. Model calculation

The modeling was performed using Matlab v.6.5 with the par-
tial differential equations solved on an hourly basis. The concentra-
tions of DDT in various compartments and sub-compartments, as
well as the transfer fluxes between adjacent compartments can
be calculated using fugacities and fugacity capacities. Measured
concentrations of DDT in soil were collected from the literature.

Sensitivity analysis was also performed to evaluate the influ-
ence of input parameters to the model results, so as to determine
the key input parameters in modeling. The sensitivity coefficient
was defined as the radio of the relative variation of the estimated
concentration to that of the input parameter (Li et al., 2006):

SCi ¼
DYi=Yi

DXi=Xi
ð5Þ

where SCi represents the sensitivity coefficient of input parameter i.
Xi and Yi represent the input parameter i and corresponding calcu-
lated concentration, respectively.
3. Model results

3.1. Calculated concentration

The calculated concentrations of DDT in air, water, soil, and sed-
iment from 1952 to 2019 in the Lanzhou area are shown in Fig. 2.
The highly concentrated planned economy system were imple-
mented from 1952 to 1983 in China. During the planned economy
periods, the amount of DDT application in agriculture each year re-
main essentially unchanged. On the other hand, the frequent polit-
ical movement starting from 1957 in China hinder normal growth
in Chinese agriculture, which lead to the slowing growth rate of
DDT use. When Cao et al. (2007) simulated the long-term transfer
and fate of DDT in Hangzhou, Cao et al. (2007) assumed that the
amount of DDT application maintained constant during 1952–
1983. Hence, Cao’ method were adopted in this study. We
presumed that the amount of DDT application was held constant
between 1952 and 1983, the concentration of DDT in all compart-
ments have no change and maintain a relatively stable state in
31 years during the application of DDT from 1952. Due to the
ban of DDT pesticides, a rapid decline in concentrations of DDT
occurred in 1984, and the downward trend continued in the

http://www.trentu.ca/cemc


Fig. 2. Temporal trends of the concentration of DDT in various compartments from 1952 to 2019.
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following years. As compared with 1983, concentrations of DDT in
air, water, soil and sediment in 1984 reduced by about 99%, 49%,
10% and 6%, respectively. According to model result, only about
6.0 � 10�7%, 0.01%, 0.02% and 0.04% of the concentrations in air,
water, soil and sediment, respectively, will be left in 2019.

No measured data of DDT concentrations in Lanzhou air were
found in the literature. The only measurements available are DDT
concentrations in soil of Lanzhou. Table 1 listed DDT concentra-
tions in soil calculated by Level IV model in comparison with mea-
sured ones in years around 1982 and 2004. The calculated DDT
concentrations represent the averages of the whole study area,
while observations are based on very limited samples collected
in specific sites, which poorly represented general DDT pollution
levels in Lanzhou. Hence, the comparison must be taken as indica-
tive, in terms of orders of magnitude.

Table 1 displays that the calculated and measured concentra-
tions agreed very well in 1982, and the residuals between calcu-
lated and measured values were less than 0.5 log unit in soil. In
2004, the residuals between calculated and measured concentra-
tions were less than 1 log unit in soil.

3.2. Transfer fluxes

As the media concentrations change with time, so do the trans-
fer fluxes. Analysis on the results has shown that environmental
reservoir and transfer fluxes of DDT changed with time, which
can be divided into two stages (see Fig. 3): (1) 1952–1983. Assum-
ing that the amount of application was held constant each year, the
transfer fluxes reached steady state in 20 years and continued to
1983. The consumption of DDT applied in agricultural land was
Table 1
Comparison between the observed and calculated concentrations of DDT in soil
between1982 and 2004 (unit: mol m�3).

DDT

1982 2004

Obs 2.24 � 10�3

(6.35 � 10�5–1.19 � 10�2)a
9.54 � 10�5

(1.69 � 10�6–1.89 � 10�4)a

Cal 2.47 � 10�3 2.00 � 10�5

Notes: Observed concentrations were collected from Guo and Wang (1992) and
Gansu Environmental Protection Bureau (2005).

a The range (min–max) and the average of measured data are given in here.
estimated to be 7.05 � 104 mol a�1 during the period from 1952
to 1983. According to the calculation, the amounts of DDT that
vanished from the study area through degradation, air, and water
advection were 6.43 � 104, 7.33 � 103, and 7.84 � 102 mol a�1

respectively. The degradation was the main pathway for DDT to
vanish from the study area, and degradation in soil was the major
loss process, accounting for about 97% of the total degradation
amount, followed by degradation in air. Local agricultural applica-
tion of DDT was the only source emission in the Lanzhou area in
the period when the pesticide DDT was used, while degradation
in soil and air were the primary loss process. Transfer fluxes of
air–soil deposition, air–water deposition, soil erosion were
5.30 � 103, 4.83 � 102, and 4.82 � 102 mol a�1 respectively, which
account for 98.2% of total fluxes. (see Fig. 3). Total flux include se-
ven interface transfer fluxes, which are transfer fluxes on the air–
water surface, transfer fluxes on the air–soil surface, transfer fluxes
from soil to water, and transfer fluxes on the water–sediment sur-
face, respectively. Among the overall reserves, about 99.8% of DDT
resided in the soil compartment. (2) 1984–2019. Assuming that the
amount of application became zero, and a rapid decline of transfer
fluxes and the environmental reservoir would followed. Dominant
transfer processes for DDT changed considerably after 1983. Runoff
from soil to water and sedimentation from water to sediment were
the primary processes, and the following processes were resuspen-
sion and diffusion from sediment to water, diffusion from soil to
air, etc. (see Fig. 3).

All the transfer fluxes of DDT in 2004 were less than 0.1% of
those in 1983, and by 2019 they are expected to decrease to less
than 0.002% of those in 1983. The distribution characteristic of
DDT can be seen from Table 2. From 1984 to 2004, residue of
DDT in the study area environment fell to less than 1.0% of that
in 1983, and only about 0.02% will be left in 2019, according to
the model prediction. Degradation in all compartments and main
transfer fluxes of DDT in the study area in 1970 and 2000 can be
seen from Fig. 4.

We also compared the model results with model results from
Tianjin and Hangzhou sites. It can be found that the transfer pro-
cesses between Lanzhou and these regions were obvious different.
Firstly, the emission sources in the Lanzhou region differed with
those in Tianjin and Hangzhou. The major source of DDT in the
Lanzhou region was attributed to agricultural application of pesti-
cides, while the leading inputs of p,p0-DDT in Tianjin and Hangzhou
were from local agricultural use, waste water discharge from the



Fig. 3. Transfer fluxes of DDT between 1952 and 2019 in all the compartments. (a) Transfer fluxes on the air–water surface and air–soil surface. (b) Transfer fluxes from soil to
water and on the water–sediment surface.

Table 2
Changing of environmental reservoirs of DDT in bulk compartments in the Lanzhou
region (units: mol).

Phase Air Water Soil Sediment

1983 3.34 � 101 8.96 � 101 2.75 � 105 3.15 � 102

2004 8.02 � 10�6 3.90 � 10�1 2.20 � 103 4.89 � 100

2019 1.99 � 10�7 9.75 � 10�3 5.46 � 101 1.33 � 10�1

Fig. 4. Degradation in all compartments and main transfer fluxes of DDT in the
study area (mol a�1) in (a) 1970 and (b) 2000.
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pesticide factory. Secondly, the arrangement order of the transfer
fluxes in the Lanzhou region was different from those in Tianjin
and Hangzhou. As far as Lanzhou is concerned, deposition from
air to soil/water, runoff from soil to water, and sedimentation from
water to sediment were the dominant processes before 1983, Since
1984, soil erosion, sedimentation from water to sediment, resus-
pension and diffusion from sediment to water, and soil–air diffu-
sion have become the main transfer processes. For p,p0-DDT in
the Tianjin area, air deposition and the diffusion through the
water–air interface were the dominant transfer processes, while
the sedimentation from water to bottom sediment and soil or
water runoff contributed significantly to the fate of p,p0-DDT over
a long time period. The diffusion direction is therefore from water
to air and from water to sediment. On the air–soil surface, the dif-
fusion direction is from soil to air except for the first beginning
when the pesticide DDT was applied (Li et al., 2006). The transfer
processes in Hangzhou can also be divided into two stages. Be-
tween 1952 and 1983, the transfer fluxes of DDT in Hangzhou de-
creased in the order of deposition from air to soil, sedimentation
from water to sediment, deposition from air to water, runoff from
soil to water, diffusion from water/soil to air in the same time.
From 1984 to now, runoff from soil to water and sedimentation
from water to sediment were the most important processes in
Hangzhou, and the other processes were diffusion from soil to
air, resuspension and diffusion from sediment to water (Cao
et al., 2007).

3.3. Sensitivity analysis

Because the conceptual model could not reflect the real world
exactly and there are always inherent variability and uncertainty
in the parameters (McKone, 1996). Hence, a sensitivity analysis
was conducted for identifying the most influential parameters in
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the model. Method for calculating the sensitivity coefficients has
been described and given in Section 2. In this model, the sensitivity
coefficients of input parameters to the concentration of DDT in four
bulk compartments were calculated.

Results of sensitivity analysis indicate that the emission rate,
degradation rate in soil, air advection residence time, air depth,
dry deposition velocity, and rain rate have a direct impact on the
simulated DDT concentrations. As an input parameter, molecular
weight was used to calculate air-side mass transfer coefficient over
water, water-side mass transfer coefficient under air, and soil–air
phase diffusion mass transfer coefficient. When molecular weight
have changed, air-side mass transfer coefficient over water,
water-side mass transfer coefficient under air, and soil–air phase
diffusion mass transfer coefficient also have changed at the same
time, the relative variation of the input parameter (molecular
weight) will lead to relative variation of the calculated concentra-
tion. So, the input parameter (molecular weight) have an influence
on the simulated DDT concentrations. The influences of model in-
put parameters on the simulated DDT concentrations in different
compartments were greatly different. For example, air was sensi-
tive to air advection residence time and air depth, while soil was
strongly affected by degradation rate in soil. The sensitivity of most
input parameters also changed with time, the variability of some
parameters such as the degradation rate in soil were relatively
higher because fluctuation of sensitivity coefficients increased
after the ban.

In summary, the emission rate and degradation rate in soil have
a strong impact on calculated concentrations of DDT due to their
high variability in this study. The calculated results in this study
could be improved if more accurate input data were available.
For example, the real degradation rate and more detailed emission
data in study area could be obtained from the experiments or
investigations in the study area.
Table 3
The comparison of environment parameters in different regions in China.

Parameter Lanzhou Tianjina Hangzhoub

Rain rate (m h�1) 3.74 � 10�5 6.3 � 10�5 1.57 � 10�4

Dry deposition velocity (m h�1) 10.8 50 112
Volume fraction of solid in air 4.5 � 10�10 1.1 � 10�10 6.17 � 10�11

a Tianjin’s parameters were obtained from Li’s article (Li et al., 2006).
b Hangzhou’s parameters were obtained from Cao’s thesis (Cao, 2005).
4. Discussion

Fig. 2 suggests that the evolution of concentrations of DDT var-
ied greatly among different compartments. It can be seen from the
figure that the DDT concentrations in air changed more drastically
than in other compartments. There are two possible reasons that
can explain this modeled result. Firstly, Lanzhou city is located in
the intermountain basin with complicated and changeable meteo-
rological conditions, which make the air mobility higher than other
three compartments. Secondly, degradation and advective removal
processes from atmosphere are fast. The storage capacity of the
atmosphere is very weak for POPs, and that the combination of a
fast removal process and a low storage capacity results in an effi-
cient removal of DDT from the atmosphere after its ban. The con-
centrations of DDT in soil and sediment changed and decreased
slowly after the ban, due to their slow response time (large fugac-
ity capacity, and slow evaporation and degradation). The variation
of DDT concentrations in water was between that of air and soil. A
much higher concentration of DDT was found in soil before 1983.
After the ban in agriculture, the concentration of DDT also main-
tained a relative high level in soil. It was reported that detection
rate of DDT in agricultural products ranged from 89% to 100% in
the polluted soil of Lanzhou area (Guo and Wang, 1992). As a typ-
ical persistent chemical, DDT degrades very slowly in natural envi-
ronment and may easily be enriched in food and living organisms.
Therefore, DDT residues in the soil may become a threat to people’s
health in the Lanzhou area.

A large portion of the DDT found in air was sorbed on particles.
The mean concentrations estimated in the gas and solid phases
were 1.66 � 10�13 and 2.88 � 10�2 mol m�3, respectively. Almost
all of the DDT found in air was bound to the solid phase (99.9%) with
only a negligible the amount in the gas phase (0.1%). Some re-
searches have pointed out that the particulate air pollution in Lanz-
hou is more serious than other regions in China. Concentrations of
total suspended particles (TSP) and PM10 in Lanzhou, China can
keep a relative high level in spring and winter, because of the dust
events and burning coal for heating. As the possible carcinogen, the
high particulate fraction of DDT in Lanzhou air may have an adverse
effect on human health. In water compartment, the mean concen-
tration of DDT in fish was 5.48 � 10�4 mol m�3, while that for water
phase was 1.85 � 10�9 mol m�3. The former was much higher than
the latter, indicating a tendency for bioaccumulation.

There are five possible reasons that can explain these disagree-
ments between model results and field data: (1) Emission data of
DDT used in the model were with large uncertainties, which may
lead to incorrect results. The real variance of agriculture applica-
tion rate in various types of cropland and in various regions of
Lanzhou was very large. For instance, the unit application rate in
vegetables was usually far higher than that in other crop. We be-
lieve that this might be the major reason for the deviation of
DDT in the Lanzhou region. (2) Observations were based on very
limited samples collected from Anning and Chengguan, which
were not uniformly distributed in four residential districts. The
measured data poorly represent the average of the whole study
area. (3) The use of the pesticide dicofol, containing up to 12% of
DDT as impurity, could also contribute to the additional emission
of DDT, besides the possible illegal use of DDT in agriculture. (4)
The uncertainty of the input parameters, such as the degradation
rate that was from the literature instead of specific measurements
for the purpose of modeling, may lead to prediction errors. (5) The
uncertainty of land use type was relatively higher, the model re-
sults may be affected especially by urban construction and
planning.

The geological and meteorological characteristics in Lanzhou
are different from those in Tianjin and Hangzhou, which render
the characteristics of DDT transfer processes different from those
in these regions. Because Lanzhou is a typical valley-basin city,
the Yellow River runs across the Lanzhou city from the west to
the east, and the South Mountains and the North Mountains stand
separately along the banks of the Yellow River. Lanzhou is located
in the west of the loess plateau, most areas of Lanzhou belong to
semiarid regions, where precipitation are low. The Special topo-
graphic characteristics of the Lanzhou area feature the special
meteorological conditions (low dry and wet deposition rate).
Zhang (2005) evaluated the fate of Phenanthrene in Lanzhou using
a non-steady-state multimedia fugacity model. Zhang’s study
showed that 10.8 is more appropriate value for dry deposition rate
in Lanzhou. Therefore, Zhang’s recommended dry deposition rate
has been adopted in this study.

Table 3 listed dry deposition velocity and rain rate in Lanzhou,
Tianjin, and Hangzhou. It can be seen from Table 3 that dry depo-
sition velocity and rain rate in Lanzhou are obviously lower than
those in Tianjin and Hangzhou. In addition, Table 3 displayed that
volume fraction of solid in air is much higher than that of Tianjin
and Hangzhou. These meteorological conditions contribute to
slowing the transfer flux through dry, wet and dissolved deposition
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from air to soil. The deposition air–soil in Lanzhou is lower than
those in Tianjin and Hangzhou.

5. Conclusions

In the study area, the main source of DDT is agricultural appli-
cation between 1952 and 1983, and it is estimated that
7.05 � 104 mol a�1 were applied to air and soil compartments.
Based on Level IV model calculation, the degradation was the main
pathway for DDT to vanish from the study area, and degradation in
soil was the major loss process, accounting for about 97% of the to-
tal degradation amount, followed by degradation in air. Among the
overall reserves, about 99.8% of DDT resided in the soil compart-
ment. The concentrations of DDT maintained a relatively steady
state in the 1980s, and then decreased quickly since the ban of
DDT use as pesticide in 1983. A small amount of DDT has been left
till now, according to the model prediction. Therefore, the environ-
mentally ecological risk of DDT pesticide should not be neglected.
The calculated transfer fluxes also indicate that the most important
transfer processes influencing the fate of DDT are the deposition
from air to soil, deposition from air to water, soil erosion, and sed-
imentation from water to sediment.
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