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Introduction 
Bien Hoa city is located in the west of Dong Nai province and about 35 km north of the centre of Ho Chi Minh 
City (HCMC). Bien Hoa city covers an area of 155 km2. Located within the city, Bien Hoa airbase has received 
attention from national and international environmentalist for quite long time due to high contamination of 
dioxin caused by Agent Orange spraying in the Ranch Hand mission of US army and suspected off-site 
migration of dioxin from inside of the airbase. During the wartime, approximately 159,000 barrels of herbicides, 
including 98,000 barrels of Agent Orange, 45,000 barrels of Agent White and 16,000 barrels of Agent Blue were 
transported by US army to Bien Hoa airbase for the Ranch Hand mission1. As a consequence, large amount of 
herbicides containing dioxin was spilled on the land, causing considerable contamination of dioxin in the airbase 
and vicinities. Schecter et al.2 found elevated dioxins levels in blood samples (8.59 – 294 ppt TEQ) of residents 
living near the airbase and Bien Hung Lake. Importantly, most of sample showed high contribution of 2,3,7,8-
TCDD, suggesting Agent Orange as a notable source.   

Concerning adverse impacts of dioxin to local environment, human health and social condition, in 2006 
the government of Vietnam implemented facilities for containment of dioxin-contaminated soil in the former 
storage and loading area for Agent Orange by secured landfill. The remediation budget only allows soil 
excavated from four hectares of the most contaminated area (commonly known as Z1 site) being isolated in ten 
continuous secured landfill cells. Along with the cooperation between Vietnam and The United States on 
overcoming consequences of AO/Dioxin, more information regarding historical usage of AO/Dioxin during the 
wartime was recently released by US Department of Defense (US DOD). The information pointed out that few 
potential AO/Dioxin contaminated areas could exist in the west and the southwest of the airbase (Fig. 1; 
Commonly known as Pacer Ivy site). The dioxin contamination in such new sites was due to activities to revoke 
and destroy unused AO/Dioxin barrels after recognition of its high toxicity (the operation was carried out in 
1971 and known with nickname Pacer Ivy). Because these potential AO/Dioxin sites are located in military area 
of Bien Hoa airbase with several difficulties for site assess, the contamination status in such sites have not been 
comprehensively studied. In 2011-2012, a new study was launched in order to make a comprehensive assessment 
of AO/Dioxin contamination in the Pacer Ivy site. The study was focused on current contamination status in the 
Pacer Ivy site and to investigate vertical migration of dioxin to deep soil as well as transport of dioxin to 
surrounding areas.   

 
Materials and methods 
The Pacer Ivy area was divided into many sampling lots (50 x 50m); Total 55 surface and 62 coring soil and 
sediment samples were collected in Pacer Ivy and surrounding areas in May 2011. Surface soil sample was 
collected from 0-20cm of depth. In each sampling lot, a composite soil sample was made by combination of ten 
component samples. Excavated soil was homogenized in an aluminum tray and a representative fraction about 
100g was placed in clean amber glass jar. The sediment samples (0-5cm) were collected in several ponds nearby 
the Pacer Ivy site using Erkman dredge; sediment samples were kept in 240ml glass jars for transportation to the 
laboratory. Core soil samples were collected using soil corer which is able to sample soil at 300cm of depth. 
Each deep soil samples were representative of segment with 30cm increments in the soil columns. All samples 
were preserved in ice for transport and kept at -200C once arrived at laboratory. All soil and sediment samples 
were air-dried, ground, sieved for particulates below 2mm before being used for chemical analysis. Water 
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this phenomenon is caused by vertical movement of dioxin to lower sediment or due to continuous accumulation 
of the contaminated erosion soil from upstream sites.  

Table 1: Concentration of Dioxin (pg/g TEQ dry wt.) in core samples in Pacer Ivy site  

 
Conclusions 
Elevated dioxin concentrations were found in Pacer Ivy site of Bien Hoa airbase, implying this area was 
contaminated by AO during the wartime.  Compared to the Vietnamese guideline for remediation (1,000 ppt 
TEQ), high contamination was distributed more around the sound boundary and south-east corner of the Pacer 
Ivy site. However, high concentrations above 1,000 ppt TEQ were also found in the north-west corner and in all 
of ponds, suggesting wider transport of the contamination to the surrounding areas. For average estimation, if we 
presume depth of the high contamination is about 1.2 m, there would be about 90,000 m3 of contaminated soil 
and sediment for necessary remediation.  
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Site name Depth Lat (Decimal) Long (Decimal) 2378‐TCDD TEQ (ppt) TCDD (%)

11BH‐C3‐1 C3 (0‐30cm) 10.972417 106.802000 2050 2103 97.5
11BH‐C3‐2 C3 (30‐60cm) 2132 2180 97.8
11BH‐C3‐3 C3 (60‐90cm) 299 302 99.0
11BH‐C3‐4 C3 (90‐120cm) 4.93 5.44 90.6
11BH‐C3‐5 C3 (120‐150cm) 4.19 5.21 80.4
11BH‐C3‐6 C3 (150‐180cm) 7.00 8.13 86.1
11BH‐C3‐7 C3 (180‐210cm) <1.33 1.22 ‐
11BH‐H6‐1 H6 (0‐30cm) 10.970583 106.805278 72856 73389 99.3
11BH‐H6‐2 H6 (30‐60cm) 108900 109791 99.2
11BH‐H6‐3 H6 (60‐90cm) 317087 318816 99.5
11BH‐H6‐4 H6 (90‐120cm) 183940 185142 99.4
11BH‐H6‐5‐1 H6 (120‐150cm) 19560 19692 99.3
11BH‐H6‐6 H6 (150‐180cm) 8087 8129 99.5
11BH‐K7‐1 K7 (0‐30cm) 10.970333 106.805806 949368 962559 98.6
11BH‐K7‐2 K7 (30‐60cm) 388807 392669 99.0
11BH‐K7‐3 K7 (60‐90cm) 209 210 99.5
11BH‐K7‐4 K7 (90‐120cm) 465 466 99.8
11BH‐K7‐5 K7 (120‐150cm) 243 243 100
11BH‐K7‐6 K7 (150‐180cm) 6.68 6.68 100
11BH‐K7‐7 K7 (180‐210cm) 139 145 95.9
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