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Abstract In recent years, increasing concern has sur-

rounded the consequences of improper electric and

electronic waste (e-waste) disposal. In this paper, Phthalate

esters (PAEs) including dimethyl phthalate (DMP), diethyl

phthalate (DEP), di-n-butyl phthalate (DBP), Di-(2-ethyl-

hexyl) phthalate (DEHP) and di-n-octyl phthalate (DnOP)

in the e-waste soils were collected and analyzed from sites

Fengjiang, Nanshan and Meishu in Taizhou city. The result

showed that the total PAEs concentrations ranged from

12.566 to 46.669 mg/kg in these three sites. DEHP, DBP

and DEP were the major phthalates accounting for more

than 94% of total phthalates studied. Comparing to the

results from other studies, the e-waste soils from Taizhou

city were severely contaminated with PAEs.
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Electric and electronic waste (e-waste) becomes the most

rapidly growing waste problem in the world. Much e-waste

is being exported to developing countries, and especially

for East and South Asia (UNEP 2005). Taizhou, a city of

south China, one of the largest e-waste disposal centers in

China, which is involved in recycling for many years. These

extremely hazardous and dangerous e-waste ‘‘recycling’’

operations render the air, water and soil. Persistent toxic

substances such as polychlorinated dibenzo-p-dioxins

and dibenzofurans (PCDD/Fs), polychlorinated biphenyls

(PCBs), and polycyclic aromatic hydrocarbons (PAHs) have

been found in e-waste recycling soils (Shen et al. 2008).

Phthalate esters (PAEs) are industrial chemicals that are

widely used as plasticizers in polyvinyl chloride resins.

They can be found at measurable concentrations all over

the world due to high production volumes and an almost

continuous release into the environment. PAEs also can be

found in leaching from piles of wires, as well as in the ash

precipitation caused by open burning of electric wires. The

US Environmental Protection Agency (EPA) and China

classified the commonly occurring phthalates as priority

pollutants and endocrine disrupting compounds. But up to

now, we have not found studies about PAEs in e-waste soil.

The major purpose of this study is to investigate the con-

centrations, compositions and distributions of 5 PAEs in e-

waste soil in Taizhou city.

Materials and Methods

The standards of DMP, DEP, DBP, DEHP and DnOP

at 1,000 lg/mL each, and surrogate standard, diphenyl iso-

phthalate in 500 lg/mL, internal standard, methyl benzoate,

acquired initially as a soild of 99% purity, were purchased

from ULTRA Scientific. All solvents were of analytical

purity (Tiantong Chemical Factory, China). Materials were

prepared according to Cai et al. (2005) method.

Nine soil samples were collected from three different e-

waste disposal locations at Fengjiang (FJ), Nanshan (NS)

and Meishu (MS) sites, in Taizhou city, respectively, in

March 2006. At each sampling location, triple samples were

collected at 0, 100 and 200 m away from the disposal center,
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where about 10 m far from the verge to avoid road influence.

A control sample was collected in a farmland without PAEs

pollution. All samples were collected using a pre-cleaned

stainless steel scoop into pre-cleaned aluminum foil enve-

lopes. The soils were dried at room temperature, ground to 30

mesh after removing stones and residual roots, and stored in

glass bottles at -4�C until further processing. All the results

were reported as dried weight.

Sample extraction and fractionation were carried out

using Zeng et al. (2005) method. The identification and

quantification of PAEs were measured with an Agilent

7890 (United States) GC system equipped with a flame

ionization detector and a fused silica capillary HP-5 col-

umn (30 m 9 0.25 mm i.d, 0.25 lm film thickness). The

carrier gas was helium with a flow of 1 mL/min. 1lL of

sample was injected in splitless mode. The injector and

detector temperature were 280 and 300�C, respectively.

The temperature program was as follows: initial tempera-

ture 50�C, from 50 to 280�C at 4�C/min, and finally 280�C

for 10 min.

For each batch of nine soil samples, Surrogate standards

were added to all the samples to monitor matrix effects.

The surrogate recoveries were 80.1 ± 11.7%. Recoveries

of 5 PAEs ranged from 78.4% to 115% (relative standard

deviations \ 13.6%) in the spiked blank samples, from

74.6% to 110% (relative standard deviations \ 10.1%) in

the spiked soil matrix samples. The limit of detection

(LOD) for the phthalate esters, estimated as three times

response of signal-to-noise of 3:1 in blank sample, ranged

from 0.02 mg/kg for DMP to 0.236 mg/kg for DEHP.

Statistical analysis was performed with SPSS 13.0 for

Windows (SPSS Inc, Chicago, IL).

Results and Discussion

Of all the samples, the total concentration of phthalates

(RPAEs) in soils from sites FJ, NS and MS varied from

12.566 to 46.669 mg/kg, which was higher than that in the

control. The highest RPAEs concentration was found at site

FJ, where PAEs may be released from a significant amount of

plastics and wires and came into the soil due to human

improper e-waste disposal. The relative proportions of the 5

PAEs including DMP, DEP, DBP, DEHP and DnOP in the

soils collected from sites FJ, NS and MS were presented in

Fig. 1. DEHP, DBP and DEP were the major phthalates

accounting for more than 94% of total phthalates studied. Of

the commercial PAEs, the share of DEHP was about 50%–

60% (Gómez-Hens and Aguilar-Caballos 2003). This result

was consistent with the commonly reported findings that

DEHP and DBP were the dominant components of the PAEs

in soil (Cai et al. 2005; Peijnenburg and Struijs 2006). DnOP

and DMP were only detected in several soil samples, with

concentrations ranging from \LOD to 6.080 mg/kg and

\LOD to 2.278 mg/kg, respectively.

The PAEs congener concentration and distribution pat-

terns in distance were presented in Fig. 2. In general, PAEs

congener concentration reduced along with the distance

away from the disposal centre. However, higher concen-

trations of DEHP and DBP were found at 100 and 200 m

away from the disposal center, respectively. These results

agreed with the findings reported by Gómez-Hens and

Aguilar-Caballos (2003). Soluble soil humic materials

associate strongly with these higher molecular weight

compounds, increasing their apparent water solubility and

decreasing their apparent degree of soil sorption (Gómez-

Hens and Aguilar-Caballos 2003).

Fig. 1 Concentration and distribution patterns of phthalate esters in

different sites

Fig. 2 Relative contributions of 5 PAE congeners in different

distance in sites FJ, NS and MS soils
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The content of PAEs in soils has been investigated in

some countries. Vikelsøe et al. (2002) investigated soil

samples in Danish, as a result that total contents of the six

PAE compounds ranged from 0.02706 to 0.04628 mg/kg,

which was much lower than those measured in this study.

Peijnenburg and Struijs (2006) found that DBP and DEHP

were 0.006 and 0.0318 mg/kg in soil from Denmark,

respectively. Cai et al. (2005) investigated vegetable field

soil samples in areas of Guangzhou and Shenzhen of

China, the result showed that the total concentration of the

six PAE compounds in all soils varied from 3.00 to

45.67 mg/kg, where lots of agricultural plastic films were

widely used.
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