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Abstract 

 
There is limited scientific data available on organochlorine pesticides (OCPs) like 

dichlorodiphenyltrichloroethane (DDT) or Lindane (γ-HCH), polychlorinated biphenyls (PCBs) and 

polyaromatic hydrocarbons (PAHs) concentrations in ambient air of Fiji Islands. Concentrations of OCPs, 

PCBs and PAHs were determined in ambient air from three major metrological stations in Fiji Islands using 

passive air samplers (PAS) containing polyurethane foam disks (PUF). Generally, total concentrations for 

OCPs, PCBs and PAHs was low, indicative of a relatively “low contaminated” ambient environment. 

Concentration ranges of total DDTs, PCBs and γ-HCH were 10 – 23 pg m
-3

, 5 – 53 pg m
-3 

and 8 -113 pg m
-

3
, respectively. Noticeably, comparatively higher concentrations for γ-HCH were found at Nausori for all 

sampling seasons. The presence of γ-HCH in ambient air from Nausori suggests either recent illegal use of 

the chemical on nearby farms or emission from river sediment due to increased dredging activity close to 

the sampling site. Confirmatory tests found relatively higher concentration of Pyrene, Fluoranthene and 

Phenanthrene towards total PAH (16 EPA) in the ambient samples taken within the vicinity of urban and 

industrial areas. This is likely from vehicular emissions in addition to small scale industrial emissions. 

 

Introduction 

 
Most island countries in the Pacific Island Region (PIR) have ratified the Stockholm Convention, including 

Fiji. The Stockholm Convention is a global environmental treaty on elimination of persistent organic 

pollutants (POPs) which came into force in May 2004. POPs are hazardous chemicals that are persistent, 

bioaccumulate in food chains and have the potential to impact at all levels of the trophic system. 

Organochlorine pesticides (OCPs) and polychlorinated biphenyl ethers (PCBs) are part of the United 

Nations Environment Program (UNEP) “dirty dozen” POP chemicals. Polyaromatic hydrocarbons (PAHs) 

are organic chemicals that result from burning related activities. Certain PAHs may be included as a 

Stockholm Convention listed POP in future. Fiji was the second country after Canada to ratify the 

Stockholm Convention. 

 

Fiji is an archipelago of more than 300 islands which lies between 15
o
-22.5

o
S latitude and 174

o
E-177

o
W 

longitude, spread over a total area of 709 700km
2
 of which 97% is ocean

2
. Such a geographical feature 

makes monitoring for POP chemicals challenging in the abiotic environment such as ambient air. A pilot 

study to monitor POP chemicals in ambient air using passive air samplers (PAS) fitted with polyurethane 

foam (PUF) disks was initiated by the Research Centre for Excellence in Environmental Chemistry and 

Ecotoxicology (RECETOX) to assess spatial as well as temporal effects on certain POP chemicals in Fiji’s 

ambient environment. PAS using PUF disk is a cost-effective technology and is a useful tool to monitor 

POP chemicals in the PIR where there is limited or no scientific data on POP chemical concentrations in 

ambient air. The air sampled by PAS for a period of three month sampling is based on calibration 

experiments by RECETOX using PAS and active samplers, a value of 300m
3
 is used as an estimate 

measure of air sampled in three months of sampling
1
. The wind velocity may affect the rate at which 

ambient air is sampled by PAS, however, the sampler is designed to dampen such effects to its minimum
1
. 

 

In this paper we report concentrations and distribution patterns (spatial and temporal) for a range of OCPs 

(including heptachlor, aldrin, dieldrin, endrin, p,p’ DDT, p,p’ DDE, p,p’DDD, α-HCH, β-HCH, γ-HCH, d-

HCH and heptachlor epoxide) and seven indicator PCBs analysed at the Institute of Applied Sciences (IAS) 

laboratory in Fiji Islands. Data for duplicate analysis for OCPs and PCBs was provided by RECETOX
1
, 

PAHs were also screened in ambient air samples taken from three metrological centres in Fiji Islands by 

RECETOX
1
. 
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Material and methods 

 

Three of the major metrological centres located on the main island (Vitilevu) of Fiji had passive air samples 

(PAS) with polyurethane foam disk (PUF) installed (Table 1). Each PUF disks was allowed to sample 

ambient air for a period of three months, sampling at each site was done for one year (Table 2). Exposed 

PUF filters were wrapped in two layers of aluminum foil, labeled, placed into zip-lock polyethylene bags 

and transported in cooling box at 5 
o
C to IAS laboratory where they were kept in the freezer at -18 

o
C until 

analysis. Field blanks were obtained by installing and then immediately removing the PUF disks at all 

sampling sites. Two parallel samples were collected from each site. Duplicate samples were then 

transported to RECETOX in Brno, Czech Republic for confirmatory analysis. Analysis for PCBs and OCPs 

was carried out using methods adopted from RECETOX
1 

(i.e. internal standard technique and 

quantification using GCECD). The analytes of interests included OCPs (p,p’ DDT, p,p’ DDE, p,p’ DDD, γ-

HCH, α-HCH, β-HCH, d-HCH, heptachlor, aldrin, dieldrin and endrin), 7 indicator PCBs (28, 52, 101, 118, 

138, 153 and 180) and 16 Environment Protection Agency (EPA) PAHs. Polyaromatic hydrocarbons were 

screened using GCMS technique at RECETOX
1
. For QAQC, a laboratory blank was included and 

recoveries of the internal/surrogate standard were calculated for all samples. 

 

Results and Discussions 

 

The internal and surrogate standards for spiking to calculate recovery and instrument calibration standards 

were used for quality control and quality assurance purpose. The recoveries of the internal and surrogate 

standards were between 70 - 102%. Laboratory blanks were under the detection limits for selected 

compounds. 

 

Results from one year of PAS sampling campaign at Laucala (LAU), Nadi (NAN) and Nausori (NAU) 

sampling sites found several congeners of indicator PCBs, organochlorine pesticides and PAHs (Table 3, 

Table 4 and Table 6). It is noteworthy that laboratory analysis of PUF disks at IAS and RECETOX found 

concentration of lindane (γ-HCH) comparatively higher at NAU than at NAN or LAU throughout the 

sampling period. Several other HCH compounds (α-HCH, β-HCH and δ-HCH) were also screened but were 

not detected at IAS laboratory. Duplicate analysis at RECETOX confirmed the presence of indicator PCBs 

and OCPs (Table 3 and Table 4). A number of PAHs were also reported by RECETOX
1
 laboratory (Table 

6). From the DDT group, p,p’ DDE was the most abundant in all samples and was found in a range of  7 pg  

m
-3

 – 22 pg  m
-3

. Sum totals for DDT was higher in LAU (median : 19 pg  m
-3

 ) in comparison to NAU 

(median : 16 pg  m
-3

 ). The range for sum total of DDTs (p,p’ DDT, p,p’ DDE, p,p’DDD), sum total of 

PCBs (PCB#28, 52, 101, 118, 153, 138 and 180) and γ-HCH was found as (10 - 23 pg m
-3

),  (10 - 53 pg m
-

3
) and (10 - 113 ng m

-3
), respectively. Confirmatory tests at RECETOX

1
 reported that the concentrations of 

indicator PCBs at three sites varied from 5 pg  m
-3

 to 47 pg  m
-3

. The PCB congeners 28, 52, 101 and 153 

were found at similar levels while PCBs 118, 138 and 180 only reached half of this level
1
. When median 

values from the individual sites were compared, PCB levels were lowest in LAU (median value: 10 pg  m
-3

) 

and highest in NAN (median value: 18 pg m
-3

). 

 

The USEPA
7
 set a guideline of 3.4 ng m

-3
 (3400 pg m

-3
) for concentrations of PCBs in ambient air and for 

levels of various organochlorine pesticides in ambient air, a range of 1.5 – 1,100 ng m
-3

 (1500 pg m
-3

- 1.1 x 

10
6
 pg m

-3
) has been established (Table 5). Concentrations of indicator PCBs and OCPs found in this study 

are vastly lower than these limits for ambient air samples. Furthermore, there was a low spatial and 

seasonal variability of the POP chemical concentrations and this is probably due to low variability of 

metrological conditions, including lower temperature range throughout the sampling period, consistent 

wind direction and lack of local sources of pollution (Table 2).  

 

Statistical analysis of the mean values obtained for the three different passive air sampling sites was 

undertaken using mean of ∑DDT3 (p,p’ DDT, p,p’ DDD and p,p’ DDE), mean of ∑PCBs7 (including PCB 

#28, 52,101, 118,153,138 and 180) and mean of ∑HCH1(lindane only as α-HCH, β-HCH and δ-HCH were 

not detected at IAS laboratory). A paired-sample student t-test was used to investigate any significant 

difference across mean values for sum total of PCB concentration within each sampling site and between 

the three sampling sites to investigate seasonal (temporal) and spatial trends, respectively. The paired 
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sample student t-test was also used to investigate differences across mean ∑DDT3 and mean ∑HCH1 

concentration within each sampling site and between the three sites to investigate temporal and spatial 

trends, respectively. Statistical analysis of data on sum total levels of PCBs, lindane and sum total of DDTs 

found no significant temporal variation between the three sites at p<0.05. There were some statistically 

significant relationships between sites in terms of ∑DDT3, ∑HCH1 and ∑PCBs7 during certain sampling 

periods at p<0.05 (Table 2 and Table 5).  

 

The levels of PCBs were significantly lower at LAU and NAU in comparison to NAN during the second 

through the third quarter of the annual sampling period at p<0.05 (Table 2 and Table 5). This maybe due to 

some local anthropogenic sources on the island as the climatic conditions were similar at all three locations 

during this time (Table 2 and Table 5). PCB levels are normally found at elevated concentrations at urban 

sites
1
. LAU and NAU are more developed and considered industrial and urban areas, while NAN is mostly 

an agricultural area. Moreover, according to the metrological data collected from sampling sites, it was 

found that LAU and NAU stations sampled the air coming from the ocean while the air sampled in NAN 

station can be influenced by sources in the island
1
. The concentrations of γ-HCH (lindane) were lowest in 

NAN (median : 9 pg  m
-3

) and four times higher in NAU (median: 40 pg  m
-3

). The comparatively higher 

concentrations of lindane at NAU indicate either emission from the sites historical application of the 

pesticide on nearby farms, dumping at open waste disposal sites or probably recent illegal use of the 

chemical in the area. Lindane is listed as severely restricted for use only in termite control for timber in Fiji 

Islands
9
. A pilot study in Africa also found comparatively higher levels of lindane (117 pg m

-3
) and 

highlighted continued use of this chemical in developing countries
3
.  

 

The levels of DDTs were significantly lower at NAU compared to LAU for the last quarter of the sampling 

period at p<0.05 (Table 5). This could be due to the higher precipitation and average wind speed in LAU in 

comparison to NAU for this sampling period (Table 2). Data on the levels of total DDTs in ambient air 

from the Pacific Island Region (PIR) came from Solomon Islands
5
 (1700 pg m

-3
), Marshall Islands

5
 (5 pg 

m
-3 

) and American Samoa
6
 (2 pg m

-3
).  Solomon Islands still use DDT for vector control especially malaria 

and this could explain the vast difference in ambient air concentrations between these Pacific Island 

Countries. Another reason for this difference in concentration of DDT data is the absence of regular 

monitoring activity, this as results from PIR countries range from 1989 to 1997.  

 

The sum total of 16 EPA PAHs was reported by RECETOX
1
 in a range of 5000 – 10000 pg m

-3
 with 

phenanthrene, fluranthene and pyrene being the dominant compounds at all sites (Table 6). Generally, 

median PAH concentration was logically highest in the winter time (8603 pg m
-3

) while it was lowest in the 

spring (5153 pg m
-3

) since it is connected to combustion processes
1
. The comparatively higher 

concentration of pyrene in ambient air from all three sites may indicate contribution from vehicular 

emission or small scale industrial emission. A recent study in India highlighted that vehicular emissions 

together with industrial emissions and liquefied petroleum gas for cooking purpose were responsible for the 

higher concentration of pyrene in ambient air samples
8
. 
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Table 1 Coordinates of the Fiji passive air sampling sites 

Sampling site Coordinates         Altitude 

NAN   17.45 
0
S 177.27 

0
E         22 m 

LAU  18.08 
0
S 178.27 

0
E         6 m 

NAU  18.02 
0
S 178.33 

0
E         30 m 

 

NAN – Nadi metrological station 

LAU – Laucala metrological station 

NAU – Nausori airport / metrological station 

 

 

Table 2 Metrological conditions at the three sampling sites during four sampling seasons 

Sampling 

Site 

 

 

Month                        Average 

Temperature 

(
0
C) 

Average 

wind speed 

(knots) 

Prevailing 

wind 

direction 

Precipitation 

                 

(mm) 

 

NAN1 June-September            23.3 3.8 E 13 

NAN2 September-

November 

           25.4 2.7 SE 33 

NAN3 November-March            28.6 2.8 SE 14 

NAN4 March-June            26.5 2.3 SE 17 

LAU1 June-September            24.1 5.1 SE 61 

LAU2 September-

November 

           25.6 2.6 SE 62 

LAU3 November-March            27.8 5.1 SE 26 

LAU4 March-June            27.2 4.6 SE 24 

NAU1 June-September            24.6 3.6 SE 63 

NAU2 September-

November 

           22.9 5.1 SE 58 

NAU3 November-March            27.7 2.3 SE 25 

NAU4 March-June            26.2 1.4 SE 23 

      

1- June – September (Colder and windy season ) 

2- September –December (Warmest season) 

3- December –March (Cooler season) 

4- March – June (Warm and wet season) 
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Table 3 Sum concentration (pg m
-3

) of PCBs and OCPs in ambient air at Laucala, Nadi and Nausori 

sampling sites 

Sampling site Laboratory 

  

∑PCBs7   ∑DDT3 ∑HCH1 

LAU1  IAS 10 17 28 

 RECETOX 15 37 33 

LAU2  IAS 5 15 23 

 RECETOX 11 37 37 

LAU3 IAS 15 22 22 

 RECETOX 18 37 30 

LAU4  IAS 20 25 23 

 RECETOX 27 47 40 

NAN1      IAS 53 10 27 

 RECETOX 47 18 33 

NAN2      IAS 18 12 10 

 RECETOX 29 28 16 

NAN3      IAS 17 28 8 

 RECETOX 28 28 6 

NAN4      IAS 18 20 15 

 RECETOX 33 30 13 

NAU1  IAS 15 22 53 

 RECETOX 27 23 57 

NAU2  IAS 15 17 57 

 RECETOX 22 22 60 

NAU3  IAS 27 15 27 

 RECETOX 30 16 47 

NAU4  IAS 22 13 77 

 RECETOX 18 23 113 

 

 

Table 4 Remediation guidelines for chlorinated pesticides and PCBs in air samples (pg m
-3

) 

 

PCBs  HCB HCH Heptachlor Aldrin DDTs Dieldrin Endrin 

3400 4200 6300 1500 39000 20000 30000 1.1 x10
6
 

        

 

 

Table 5 Summary of statistical analysis for spatial trend analysis at the three ambient air sampling 

sites 

Sites p-value (2 tailed) -Spatial 

 ∑DDT3 ∑PCBs7 ∑HCH1 

NAUi1 – LAU1 - - <0.05 

LAU2 – NAN2 - <0.05 - 

NAN2 – NAU2 - - <0.05 

LAU3 – NAN3 - <0.05 - 

NAU4 – LAU4 <0.05 - - 
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Table 6 Concentration (pg m
-3

) of 16 EPA PAHs in ambient air at Laucala (LAU), Nadi (NAN) and 

Nausori (NAU) sampling sites for different sampling periods  

Sampling site ∑PAH13 

  

Phenanthrene         Pyrene        Fluoranthene 

LAU1  1428 2844         2090         2200 

     

LAU2  977 1685         1124         1180 

     

LAU3 1519 2159          1624         1489 

     

LAU4  2149 3283          2652         2508 

         

NAU1 2516 2257          1883         1937 

     

NAU2 1295 1321          1331         1207 

     

NAU3 1746 1427          1441         1265 

     

NAU4  1237 2391          1767         1566 

     

NAN1 825 3077          3021         2111 

     

NAN2 1293 2144          1305          1380 

     

NAN3 2223 1030          1443         1337 

     

NAN4 1450 2493          1578          1366  

     

 

∑PAH13  - is the sum total of 13 EPA PAHs except Fluoranthene, Pyrene and Phenanthrene 
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