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Abstract Karst areas have much higher ecological vul-

nerability and are prone to be contaminated. Organochlo-

rine pesticides (OCPs) were detected in waters and

sediment from the two sites of the karst Nanshan under-

ground river system, China, to understand the sources and

transport of OCPs in the underground river systems.

Obviously, seasonal variations were found both in the

waters and the sediments. Detected OCPs ranged from 61

to 936 ng L-1 in the groundwaters and 51–3,842.0 ng g-1

in the underground sediments, respectively. OCPs in

groundwaters were mixture of younger and older residues

from commercial sources. The maximum OCPs in the

sediments of the underground river were historically older

residues from commercial sources. The sources of OCPs in

the waters and sediments of the underground river indi-

cated that the surface systems play an important role in

OCPs transport and pollution in the underground river.

Karst features were liable for the transport behavior.

Keywords OCPs � Karst � Underground river

system � Sources � Transport

Introduction

Organochlorine pesticides (OCPs), organic materials with

higher bioaccumulation, toxicity, volatility, and long-range

atmospheric transport can cause environmental damage,

and affect human health (Mukherjee and Gopal 2002;

Nakata et al. 2002). As for examples, OCPs affect the food

chain and play roles in nervous excitement, tremors, con-

vulsions, or death. Pesticide exposure ranges from simple

irritation of the skin and eyes to more severe effects such as

the nervous system, mimicking hormones causing repro-

ductive problems and also causing cancer (Vidal et al. 2000;

Cao et al. 2010). For these reasons, the USEPA (2000),

enlisted some of OCPs as health hazards in the Stockholm

Convention. OCPs were the most widely used pesticides

around the world before the 1970s; however, some OCPs are

still being produced (Wang et al. 2008a, b, c). Although the

uses of OCPs were banned about three decades ago, the

elevated concentrations of OCPs residues were still observed

in the environments due to their persistency (Meijer et al.

2003). OCPs released in the tropical and subtropical envi-

ronments could be dispersed through air and water and tend

to be redistributed on a global scale Tanabe (1991). The

source, transport and fate of OCPs in natural environments

have been studied extensively (Tang et al. 2008; Wang et al.

2008a, b; Hu et al. 2009; Jiang et al. 2009a; Kihampa et al.

2010; Zhang et al. 2011). As for example, (Luo et al. 2004)

identified the OCP levels in the waters of rivers with con-

centrations. Anasco et al. (2010) reported that the fresh

waters in some rivers are affected by paddy effluents. Gal-

anopoulou et al. (2005) reported higher values of DDTs in

sediments influenced from the industrial and urban wastes.

(Klánová et al. 2008) reported on OCPs in the soils and

sediments from James Ross Island, Antarctica, in which the

contamination occurred through long-range atmospheric

transport from Africa, South America, and Australia. Jiang

et al. (2009a); Muhayimana et al. (2009) and Wang et al.

(2011) reported the sources and transport in agricultural soils

using ratios of a/c HCH, a/b HCH, a/b endosulfans, cis-

chlordane/trans-chlordane, and DDT/(DDD ? DDE).
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Karst groundwater is the drinking water supply for about

one-quarter of the population on the earth (Jiang et al.

2009a, b). Karst groundwater systems are particularly prone

to contaminations because of their unique hydrogeological

characteristics. Due to the formation and development of

rocky desertification, the karst system often has little or no

soil cover, which leads to poor filtration, poor pre-purifi-

cation and rapid infiltration (He et al. 2010; Liu et al. 2010).

In addition, flow in a karst system has often been conduit-

dominated and the residence time is usually short, which

further limits its ability for self-purification as well as for

microorganisms to die off. Furthermore, large numbers of

interconnected fissures can make pollutions spread quickly

and widely in a karst system (LeGrand 1984; Prohic 1989;

Ford 1993). Muhayimana et al. (2009) and Wang et al.

(2011) analyzed OCPs in soils in a karst area while Ekmecki

(2005) found pollution from OCPs in karst springs waters.

Beside these researches of OCPs, nutrient transports have

been reported extensively. As for example, groundwater

leaching of nutrients from the soils, which is especially

evident in areas dominated by agriculture (Zhu et al. 2008;

Gao et al. 2009). Nitrogen percolation occurs easily into the

groundwater through soil flow with rain water (Naik et al.

2008; Gao et al. 2012). In addition, a field plot experiment

was conducted on two types of paddy soils in the Taihu

Lake area of China to assess phosphorus losses by runoff

and drainage flow from paddy soils (Zhang et al. 2005). Hu

et al. (2011) reported contamination from OCPs in the karst

underground rivers in Nanshan in Southwest China. This

study reported the sources of HCH and DDTs without other

OCPs in the waters of an underground river. For future

improvements of drinking water quality in the underground

river, it is necessary to know the levels, sources, and

transport of OCPs both in the underground river and in the

concerned surface watershed.

Therefore, in this study, the focus is on the Nanshan

underground river, a karst groundwater system in south-

west China, to investigate the contamination level and

distribution in the surface water, groundwater and sedi-

ments, and efforts to identify the sources and transport

pathway of OCPs. This study expects a potential role of a

karst area as the pollution in the underground system

because potential and actual sources of pollution to

groundwater in karst areas are a common concern

throughout the world (Bohlke 2002).

Materials and methods

Study area

The Laolongdong Underground River System (LURS) area

is located at the center of Chongqing municipality,

Southwest China (Fig. 1). The underground drainage area

of the system is approximately 12.6 km2. The elevation of

LURS is between 350 and 685 m above average sea level.

The climate is primarily subtropical monsoonal with a

mean annual precipitation of 1,100 mm and a mean air

temperature of 18.7 �C. The monsoonal climate results in a

rainy season from May to October and a dry season from

November to April. The population of the Nanshan karst

valley is over 50,000 and is associated with rapid urbani-

zation, apart from farming. Residential areas that are

concentrated in an internal trough valley produce various

effluents, which are discharged into an artificial channel,

which flows southward to join the Laolongdong Under-

ground River, then into a tributary of the Yangzi River in

Chongqing. There are no sewage treatment plants in the

drainage basin. Only a small portion of wastewater from

the town and plant discharge to a sewage channel at the

surface; most wastewater is discharged directly into the

surface water, thus seriously threatening groundwater

quality (Guo et al. 2010). The outlet of the Laolongdong

underground river is a tourist spot where many people

enjoy boating (Lan et al. 2013). Even worse, some sink-

holes are used to discharge wastewater residues. By the end

of the 1990s, surface ecosystems of the karst valley had

been disturbed by human activities and local groundwater

has been deteriorating for many years.

Geology and hydrogeology

It is a transitional zone where the Nanwenquan anticline in

the longitudinal structural system turns to the Tongluoxia

anticline in NE-SW structural system. The outcrops are

principally carbonated rocks (limestone), with Triassic strata

being widespread. The strata of the anticlinal axis are car-

bonate rocks of the Lower Triassic Chialingchiang Forma-

tion (T1j), with limestone being a major lithology, whereas

anticlinal wings are carbonate rocks of the Middle Triassic

Leikoupo Formation (T2l) and sandstones of the Upper

Triassic Xujiahe Formation (T3xj). Yellow-green calcareous

clay rocks of the Lower Leikoupo (T2l) overlie the Chial-

ingchiang Group (T1j). No sulfate evaporites (gypsum and

anhydrite) are exposed in the study area. Due to the banded

distribution of carbonate rocks and the presence of relatively

impermeable sandstone, the two wings combined with a

vertical patulous cranny, which was well developed in the

anticlinal core, basic conditions exist for a formation of a

karst trough valley and the development of a karst ground-

water system. Precipitation is the major recharge source of

the groundwater that ensures abundant groundwater

resources. The Laolongdong underground river originates

from the core of the karst trough valley and flows along

anticlinal axis [Lower Triassic Chialingchiang formation

(T1j)] in a NE-SW direction with a total length of 6 km.
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Vegetation, soil and land use pattern

A mixture of subtropical evergreen broadleaf needle forests is

dominant, including masson pine, fir, cedar, camphor, and

ficus virens. The dominant types of soils are mainly limestone

soils and yellow earth derived from carbonate rocks and

sandstones, respectively. There are four land use categories

(Fig. 1): land use for residential construction with an area of

4.5 km, 2.5 km for factories, 2 km for agriculture, 3 km of

forest and unused land, respectively. Residential areas are

built in the center of the northern trough or on either side of

the roads. Industries are mainly cement and quarry plants

centered among relict mountains along the valley whereas

farmlands are scattered around the bottom of the valley

(Fig. 1). Underground rivers and springs used to be the only

one major source of water supply for the residents.

Samples

Water samples were collected monthly in individual 1 L

cleaned glass bottle between 2011 and 2012 from the under-

ground river and its surface system (Fig. 1). Farmland waters

and underground waters were collected from 10 cm vertically

in the upper layer; 100 g of sediment samples was collected in

plastic bags from the underground river and surface system;

500 g of soil sample was collected in plastic bags from the

surface system. Sediments and soil samples were collected

vertically within 5 cm. Collected water samples were pre-

served in a freezer at -20 �C until analysis. After 2 months,

water samples were filtered with Whatman GF/F (0.45 lm

effective pore) pre-combusted at 450 �C for 5 h. Surrogate

standards (2 lL) were added into water samples after the fil-

tration. The filtered water was then passed through solid phase

extractor (SPE-DEX controller 4700/4790, Horizon Technol-

ogy). Soil and sediment samples were air dried before analysis

for 2–3 months in a secure place in our school laboratory.

Chemicals

OCPs standards (o,p0-DDT, p,p0-DDT, o,p0-DDD, p,p0-DDD,

o,p0-DDE, p,p0-DDE, a-HCH, b-HCH, c-HCH, d-HCH, e-

HCH, aldrin, dieldrin, endrin, a endosulfan, b endosulfan,

Isodrin, Mirex, heptachlor, heptachlor epoxide and methoxy-

chlor, trans-chlordane, cis-chlordane) in a mixture were

obtained from Dr. Ehrenstorfer, Germany. Mixed surrogate

standard of OCPs 2,4,5,6-tetrachloro-m-xylene (TCMX) and

deca chloro bi phenyls (PCB 209), internal standard poly

chlorinated nitro benzene (PCNB) in a solution were purchased

from Supelco, USA. Silica gel (80–100-mesh) and neutral

alumina (100–200-mesh) were extracted with dichloromethane

for 72 h by using an extractor. Upon drying under room tem-

perature conditions, silica gel and alumina were baked at 180

and 250 �C for 12 h, respectively. Sodium sulfate was baked at

550 �C for 8 h and stored in sealed containers (Luo et al. 2004).

Fig. 1 Locations, land use,

hydrological map, and

distribution of samples
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Analytical procedure

About 10 g soil and sediment dried samples were kept in a

cleaned filter paper (for 72 h) and every sample including

water samples were spiked with the surrogate standards and

extracted for 24 h with dichloromethane. Activated Cu was

added for desulphurization. The extract for each sample

was concentrated and solvent-exchanged to hexane, and

further reduced to approximately 1 mL under vacuum

rotary evaporator. Concentrated extracts were fractionated

with a 1:2 alumina: silica gel glass column and 15 mL n-

hexane, 70 mL 3:7 di chloro methane: n-hexane, succes-

sively. It was finally concentrated to 0.2 mL. The extracts

of water samples were dried by anhydrous sodium sulfate

and concentrated to 0.2 mL with a gentle stream of purified

nitrogen. Known quantities of internal standard were added

to the sample prior to instrumental analysis.

Analysis

OCPs were measured using gas chromatograph (GC) (Agi-

lent 7890A) equipped with a micro electron capture detector

Table 1 Concentrations, variations, and mean of OCPs in the different samples in the underground and surface system

OCPs Underground river system Farmlands Sinkholes and well

Waters

(ng L-1)a
Sediments

(ng g-1)b
Waters

(ng L-1)c
Sediments

(ng g-1)d
Soils

(ng g-1)e
Waters

(ng L-1)a
Sediments

(ng g-1)f

a HCH 0.6–58.2 ND–0.9 2.9–818.3 0.1–136.7 0.2–0.9 1.2–739.0 0.3–2.9

b HCH 0.4–4.9 ND–20.8 0.1–37.9 0.1–159.6 0.5–1.4 0.5–264.0 0.9–7.6

c HCH 0.3–44.4 0.1–4.6 0.5–40.6 ND–21.6 0.2–3.3 0.7–3.5 0.5–13.4

d HCH 0.9–5.9 ND–62.0 0.4–155.3 0.3–277.4 0.3–2.6 1.4–530.0 0.9–30.9

e HCH ND–2.2 ND–62.0 ND–139.3 0.4–277.4 0.2–49.1 ND–444.0 0.9–30.9

Heptachlor 0.1–14.1 ND–6.0 0.5–58.0 0.1–117.5 0.1–0.6 0.2–65.0 0.2–0.5

Heptachlor epoxide 0.1–3.1 ND–3415.0 0.3–36.4 ND–670.2 ND–0.9 ND–533.9 ND–0.3

Aldrin 2.3–96.1 ND–1.3 2.1–1173.0 ND–142.0 0.1–0.2 1.1–926.6 0.2–0.7

Dieldrin ND–6.6 ND–5.9 0.4–59.7 0.2–136.3 1.4–48.2 ND–56.5 6.8–121.5

Endrin 0.2–6.8 ND–1.2 0.7–11.3 ND–1.4 ND–0.9 0.5–153.0 1.3–3.9

a endosulfan 0.5–14.4 ND–21.0 0.3–188.2 ND–13.1 0.1–0.3 ND–554.0 0.3–2.5

b endosulfan 0.1–7.8 ND–1.2 0.6–23.7 ND–1.3 ND–2.5 ND–59.0 0.9–1.3

o,p0-DDT ND–15.5 ND–14.9 ND–27.5 ND–245.7 0.1–1325.0 ND–8.6 0.3–6.6

p,p0-DDT ND–8.8 ND–61.3 0.9–25.7 ND–1.6 0.5–3093 ND–249.0 4.2–6.7

o,p0-DDE 0.3–42.2 ND–5.6 0.3–133.6 ND–5643.3 0.1–8.0 0.3–271.6 ND–9.7

p,p0-DDE 0.3–19.3 0.1–215.9 2.2–63.6 ND–297.5 0.1–606.4 ND–185.8 2.7–4.8

o,p0-DDD ND–3.2 0.1–1.7 0.4–36.3 ND–1.9 0.2–298.1 0.1–116.8 0.9–31.6

p,p0-DDD ND–5.9 0.1–1.2 0.6–9.1 ND–7.9 0.4–669.5 ND–16.3 0.8–54.1

Isodrin 0.2–4.2 ND–22.3 0.5–5.92 ND–551.5 0.1–1.4 0.1–1240.0 0.2–1.9

Methoxychlor ND–10.6 ND–317.8 ND–10.9 ND–377.2 1.9–49.4 ND–991.0 0.8–114.9

Mirex ND–ND ND–3.9 ND–1.4 ND–2.9 ND–13.0 ND–3.2 ND–18.2

Oxychlordane ND–848.0 ND–1621.0 ND–1213.0 ND–2219.0 ND–193.7 ND–860.0 350.0–1383.0

Trans-chlordane ND–49.2 ND–0.7 0.8–343.5 ND–10.8 0.2–2.3 ND–284.0 1.3–4.2

Cis-chlordane 0.9–41.4 ND–19.3 0.5–1144.0 ND–2.1 ND–0.2 ND–432.0 0.1–0.5

ROCPs 61.0–936.0 51.0–3842.0 31.0–5639.0 11.0–3469.0 99.0–6181.0 39.0–3492.0 420.0–1709.0

Mean 198 819

Max % OCPs on surface 10 33

RHCH 7.0–93.0 0.1–148.5 7.0–1218.0 3.0–873.0 3.0–53.0 8.0–1523.0 3.5–68.0

RDDT 1.0–47.0 0.8–219.9 5.0–144.0 0.1–570.6 2.0–6000.0 2.0–419.0 21.1–93.8

a September, October, December, January, February, March, April, May
b September, October, December, January, March, May
c September, December, January, February, March, April, May
d September, October, December, April
e September, February
f December, January, February
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(l-ECD) and an HP-5 MS silica fused capillary column

(30 m 9 0. 32 mm; film thickness 0.25 lm). Additional

details of the chromatographic and spectrometric conditions

are provided elsewhere (Mai et al. 2002). Quantification was

performed using the internal calibration method based on

five-point calibration curve for individual component.

For each sampling period, two glass bottles of de-ionized

(cleaned) water were carried on board and exposed to the

ambient environment during the course of field operation.

This water was brought back to the laboratory and treated as

a field blank. Field blanks were filtered and extracted in the

same procedure as the field samples. For each batch of field

samples, a procedural blank (solvent with clean GF/F fil-

ters) and a spiked blank (25 standard OCPs spiked into

solvent with clean GF/F filters) have been taken. The field

blank and procedural blank samples contained undetectable

amounts of target analyses. The reported results were sur-

rogate corrected. Recoveries were 75–115 % for OCPs of

the certified values. For OCPs with a sample size of 1 L, the

detection limit ranged from 0.09 to 0.25 ng/L.

Results and discussion

Levels of OCPs for the waters and sediments

in the underground river system

The mean concentration of ROCPs is 198 ng L-1 in

waters. The mean content of ROCPs in sediments of the

underground river is 819 ng g-1 (Table 1). The level of

OCPs in sediments is four times higher than that of waters.

According to the report of (Luo et al. 2004), the water of

the underground river is polluted.

Seasonal variations of OCPs in different samples

in the underground river and surface systems

Seasonal variations of OCPs in waters, sediments, and soils

are shown in Table 1. The concentrations of ROCPs in

underground river waters ranged from 61 ng L-1 in May to

936 ng L-1 in October. The content of ROCPs in under-

ground sediments ranged from 51 ng g-1 in January to

3,842 ng g-1 in May. The concentrations of ROCPs in

surface farmland waters ranged from 31 ng L-1 in Sep-

tember to 5,639 ng L-1 in May, while the surface farmland

sediments and soils showed the variations from 11 ng g-1

in October to 3,469 ng g-1 in April and 99 ng g-1 in

September to 6,181 ng g-1 in February, respectively.

Sinkholes and wells showed the variations in waters from

39 ng L-1 in April to 3,492 ng L-1 in January. The sea-

sonal variations in OCPs found in the underground river

suggest that the underground river system was affected by

the surface system substantially.

Sources estimation of OCPs in the underground river

and surface systems

Different ratios in OCPs are shown in Table 2. The ratios

of a/b and a/c in newly input commercial HCH correspond

to the ranges of 6–12 and 5–6, respectively while in lindane

a/c is 0.01 (Jiang et al. 2009a; Muhayimana et al. 2009).

The a/c HCH and a/b HCH ratios were higher than 0.01 in

waters, sediments in the underground river and in sedi-

ments, waters, and soils of the surface systems (Fig. 2a–c).

The ratios indicate that HCHs in groundwaters, sediments,

surface waters, surface sediments, and soils were derived

from commercial HCH.

Dicofol contains 3–7 % DDT (Wang et al. 2008a, b, c);

o,p0-DDT is greater than p,p0-DDT in dicofol; o,p0-DDT is

lower than p,p0-DDT in commercial DDT (Qiu et al. 2005);

o,p0-DDT found in major groundwater was not detectable

(ND). The concerned p,p0-DDT was detected. The ratios

o,p0 to p,p0-DDT were mostly lower than 1 both in two

systems, which indicate the source of commercial DDT

(Fig. 3a–c).

The ratio of heptachlor to trans-chlordane corresponds

to 3.5 in commercial grade heptachlor, while it is 0.5 in

commercial grade chlordane (Rostad 1997; Tomlin 1999).

Table 2 Ratios of OCPs in the different samples in the underground and the surface system

OCPs Underground river system Farmlands Sinkholes and well

Watersa Sedimentsb Watersc Sedimentsd Soilse Watersa Sedimentsf

a/b HCH 1.4–79.8 0.1–0.7 1.0–207.6 0.2–9.0 0.2–1.0 0.5–204.2 0.3–0.4

a/c HCH 0.9–21.3 0.1–3.0 2.8–49.2 0.4–32.0 0.1–3.0 0.4–76.3 0.3–0.4

RDDT/R(DDD ? DDE) 0.2–1.3 0.1–0.4 0.1–2.9 0.1–1.0 0.1–2.3 0.1–8.7 0.1–03

o,p’-DDT/p,p0-DDT 0.2–4.7 0.1–0.3 0.1–5.9 0.3–163.8 0.1–0.6 0.1–9.7 0.1–1.4

a/b endosulfan 0.1–51.0 1.0–210.0 0.1–156.8 0.1–21.8 0.1–2.0 0.1–171.0 0.2–2.8

Heptachlor epoxide heptachlor 0.1–1.0 0.1–1178.0 0.1–0.7 0.7–316.0 0.2–2.0 0.1–97.0 0.5–0.6

Cis/trans-chlordane 0.1–4.4 0.2–96.5 0.1–14.4 0.1–3.0 0.1–0.5 0.1–14.4 0.1–0.2

Heptachlor/trans-chlordane 0.1–1.3 0.3–14.5 0.1–2.4 0.1–10.9 0.2–1.0 0.1–4.2 0.1–0.2
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The ratios of heptachlor to trans-chlordane in groundwaters

and surface waters were around 0.5. The ratio was around

3.5 at Sewch/Nsewch and Seww (Fig. 4a). These results

suggest that heptachlor in groundwaters and surface waters

was derived from commercial grade chlordane. Heptachlor

was mixed in waters at Sewch/Nsewch and Seww from two

sources dominantly from commercial grade chlordane with

slight commercial heptachlor. The ratios of heptachlor to

trans-chlordane were around 0.5 in surface sediments and

soils in the maximum samples (Fig. 4b). These results

indicate that heptachlor in sediments and soils was derived

from commercial chlordane, also.

The ratio of a/b in endosulfan in commercial mixture is

2.33 (Jiang et al. 2009a). Endosulfan in groundwaters,

underground sediments, surface waters, surface sediments,

and soils might be derived from commercial endosulfan

(Fig. 5a, b), because the ratios a/b of endosulfan in waters,

sediments, and soils were around 2.33.

Commercial chlordane consists of 13 % trans-chlor-

dane, 11 % cis-chlordane, 5 % heptachlor, and other

compounds (Wang et al. 2008a, b, c). It was reported that

the ratio of cis-chlordane to trans-chlordane in technical

chlordane is 0.79 (Dearth and Hites 1991; Rostad 1997).

The cis-chlordane to trans-chlordane ratios were around

0.79 dominantly in waters, sediments, and soils both in the

underground river and in the surface systems, which indi-

cate that the sources were derived from commercial

chlordane in waters, sediments, and soils (Fig. 6a, b). In

China, commercial chlordane is still being extensively used

as a termiticide with an estimated amount of over 200 tons/

year in recent years (Muhayimana et al. 2009).

Oxychlordane is a metabolite compound of chlordane.

Therefore, it is expected that oxychlordane predominantly

found in waters, soil, and sediments was derived from

trans-chlordane and cis-chlordane in used commercial

chlordane.

Heptachlor epoxide is a metabolite of heptachlor. It also

was delivered in waters, sediments, and soils from

heptachlor.

Aldrin, dieldrin, endrin, and isodrin had never been

produced and used in agriculture in China (Jiang et al.

2009a; Muhayimana et al. 2009).

Transport of OCPs in karst systems

The ratios HCH of a/b and a/c were higher than 6–12 and

5–6 in the major waters than those in the sediments and the

soils. These results indicate that HCH was mixture of older

and younger in the waters while it was older in the sedi-

ments and soils. The most likely explanation for the current

low concentrations of HCHs in soils and sediments but

higher concentrations in waters due to the differences in the

physicochemical and biochemical properties, wherein

Fig. 2 a a to b and a to c ratios of HCH in the waters of the underground

river, b a to b and a to c ratios of HCH in the waters of the surface, c a to b
and a to c ratios of HCH in the sediments and soils of the underground and

surface system
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HCHs have higher water solubility, vapor pressure and

biodegradability, and lower lipophilicity and particle

affinity as compared to the DDTs (Muhayimana et al.

2009). In addition, higher ratios of a/c and a/b in HCH

could be explained by long-range transport or recycling of

a HCH, because a HCH has a longer atmospheric lifetime

than c (Willett et al. 1998). Both a and c can be trans-

formed to b HCH. Soil carbon can absorb b HCH for a long

time and retains in soil and sediment which causes lower

the ratio but older HCH in soils and sediments (Mackay

et al. 1997). The a/c and a/b ratios in sediments and soils

both in the underground river and in surface systems were

lower than 5–6 and 6–12, which indicate the substantial

transformation of a HCH, but atmospheric deposition of a
HCH. Surface systems might have transported older HCH

in the underground system.

DDT can be biodegraded to DDE and DDD (Luo et al.

2004). Then, the ratio of DDT to (DDD ? DDE) will be

reduced to less than 1 if DDT is not newly added. There-

Fig. 3 a o,p0/p,p0-DDT and RDDT/R(DDD ? DDE) in the waters of

the underground river, b o,p0/p,p0-DDT and RDDT/R(DDD ? DDE) in

the waters of the surface, c o,p0/p,p0-DDT and RDDT/R(DDD ? DDE)

in the sediments and soils of the underground river and surface system

Fig. 4 a Heptachlor to trans-chlordane ratios in the waters of the

underground river and surface, b heptachlor to trans-chlordane ratios

in the sediments and soils of the underground river and surface
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fore, the ratio could be used to distinguish the newer or

older sources of DDT. The ratios of DDT to

(DDD ? DDE) were in lower values dominantly than 1 in

water, sediments, and soils both in the underground river

and in surface systems (Fig. 3a, b). These results indicate

the older DDT was input in two systems. The higher

concentrations of DDD and DDE were observed in soils

and sediments than those in waters likely to be lower sol-

ubility of DDTs and metabolites DDD, DDE tends to

remain in the particulate phase longer than HCHs (Mu-

hayimana et al. 2009).

Trans-chlordane can decompose to cis-chlordane, which

could cause an increased ratio of heptachlor to trans-

chlordane than 3.5 and 0.5 (Jiang et al. 2009a). Heptachlor

to trans-chlordane ratios were lower in sediments and soils

both in the two systems, probably the oxidation of

Fig. 5 a a to b endosulfan ratios in the waters of the underground

and surface system, b a to b endosulfan ratios in the sediments and

soils of the underground and surface system

Fig. 6 a Cis-chlordane to trans-chlordane ratios in the waters of the

underground and surface system, b cis-chlordane to trans-chlordane

ratios in the sediments and soils of the underground and surface

system
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heptachlor to heptachlor epoxide, because much of hepta-

chlor epoxide was found in the sediments and soils

(Table 1; Fig. 4b). The higher ratios of heptachlor to trans-

chlordane than 0.5 were dominantly found in surface

waters, while in groundwaters were dominantly lower than

0.5 (Fig. 4a). These results indicate that adequate amount

of atmospheric deposition of heptachlor or transformation

of trans-chlordane to cis-chlordane as well as oxychlor-

dane. Surface systems probably transported the older hep-

tachlor in the underground river system.

a endosulfan decomposes easily than b endosulfan and

the ratio a/b endosulfan then becomes reduced than 2.33

(Jiang et al. 2009a). The reduced ratio can be used as an

indicator of older sources. The ratios of a/b endosulfans

were dominantly in higher values in waters at UG1, UG2,

Sewch, Shw, Seww, FL and well than 2.33 (Fig. 5a). These

results indicate that recently used commercial endosulfans

were input with older endosulfans in groundwaters and

surface waters; however, there was a substantial possibility

of atmospheric deposition of a endosulfan in waters in

surface system. The lower ratios than 2.33 were found

dominantly in sediments and soils probably due to the

decomposition of a endosulfan (Fig. 5b).

Trans-chlordane is easier to degrade than cis-chlordane

(Nomeir and Hajjar 1987). The degradations of trans-

chlordane to cis-chlordane can exceed the reported ratio

0.79. Therefore, the higher ratio than 0.79 could infer

between older and newer chlordane (Jiang et al. 2009a).

Cis-chlordane/trans-chlordane ratios found in waters, sed-

iments, and soils were lower than 0.79, which indicate that

chlordanes were delivered predominantly from older

sources of commercial chlordanes due to the decomposi-

tion of cis-chlordane to oxychlordane (Fig. 6a, b). Much of

oxychlordane was found in the sediments and soils

(Table 1).

OCPs could be transported from the surface into the

underground river by leaching and percolation. Leaching of

organic materials is a common phenomenon in surface

systems (Thurman 1985). Seepage waters and drip waters

commonly found in the underground cave are evidence of

the introduction of surface waters into the underground

river (Simmleit and Hermann 1987; Schwarz et al. 2011).

Many fissures found in karst areas can enhance the trans-

port of sediments and soils into underground river by

percolation processes (Fig. 7).

Eventually, the seasonal variations found in surface

systems ranged from 31 ng L-1–5,639 ng L-1 in waters, 11

ng g-1–3,469 ng g-1 in sediments, 99 ng g-1–6,181 ng g-1

in soils, and 39 ng g-1–3,492 ng g-l in sinkholes waters

might affect the transport 61 ng L-1–936 ng L-1 in waters

with 10 % and 51 ng g-1–3,842 ng g-1 with 33 % of OCPs

in the underground river systems (Table 1).

Summaries

Waters and sediment samples were collected for several

months from two fixed stations in the karst Nanshan

Underground River. Twenty-four OCPs were used to

understand the sources and transport of OCPs in karst sys-

tem. OCPs in the groundwaters were mixture of older and

newly used from commercial sources in maximum samples.

OCPs in the underground sediments were older from

Fig. 7 Transport of OCPs and

karst role
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commercial sources. The sources of OCPs in the waters and

the sediments of the underground river were consistent with

those of the surface systems. Similarities in concentrations

in different seasons and in sources and in waters, sediments,

and soils were found both in the underground system and in

surface systems. These results suggest that the historical

surface systems play an important role in OCPs transport in

the underground river systems and keep the threat of con-

tamination. However, newly used sources are also liable for

the pollution in the water samples. It seems that it still had

OCPs contamination due to air transfer, water filtration, and

other processes. Karst features were liable regarding the

transport and contamination.
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