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Introduction 
The lower part ofthe Roanoke River flows east from Williamslon, North Carolina, past 

Plymouth, North Carolina and discharges inlo the Albermarle Sound. This part ofthe river is 
surtounded by wetlands and swamps. Weyerhaeuser Corporation operates a pulp and paper mill 
and previously operated a chloralkali plant in Plymouth. Weyerhaeuser discharges its effluent into 
Welch Creek, which flows into the Roanoke River. Prior to 1981, Georgia-Pacific Corporation 
operated a hardwood sawmill approximately 1 km downriver ofthe Weyerhaeuser mill. 

The North Carolina Department of Environment, Health and Natural Resources (NC DENR), 
the United States Environmental Protection Agency (US EPA), and Weyerhaeuser collected 
sediment and wetland samples from the Roanoke River above and below Weyerhaeuser's pulp 
mill, Welch Creek, and Conaby Creek, another tributary to the Roanoke River near Albermarle 
Sound, and analyzed them for PCDDs and PCDFs. NC DENR also collected and analyzed soil 
samples from Georgia-Pacific's former sawmill. In this study, we used Principal Component 
Analyses (PCA) to identify potential sources of these compounds to the lower Roanoke River and 
its tributaries. To our knowledge, the PCDD and PCDF profiles have not previously been 
evaluated using PCA or any other method of source identification. 

Methods and data evaluated 
PCA has been used in environmental studies to illustrate the differences and similarities in 

profiles among different samples (1). The principal component scores are plotted and samples 
with similar PCDD and PCDF compositions will cluster (2). In this paper, PCA is based on the 
amount of 2,3,7,8-substituted congeners and the total ofeach homologue group. In performing the 
PCA, one-half the detection limil was used for non-detected values. All data were log-transformed 
prior to the PCA calculations. 

We conducted two PCA calculations. First, we evaluated the 130 sediment, wetland, and soil 
samples collected and analyzed by NC DENR, US EPA, and Weyerhaeuser. These samples are 
summarized in Table 1; the underlying data are publicly available (3-5). The Roanoke River 
samples collected upriver ofthe confluence wilh Welch Creek are designated wilh a "U"; samples 
collected downriver ofthe confluence are designated wilh an "L". Samples collecied in Welch 
Creek are designated with a "W". Samples designated with "C" were collected from Conaby 
Creek. Samples designated with "G" were collected from the former Geoi-gia-Pac:!fic sawmill and 
one sample from adjacent property. See Table 1. 

Second, based on the existing data and potential sources in the lower Roanoke River, we 
evaluated the 130 samples and relevant PCDD and PCDF data from known sources of these 
compounds. Specifically, in addition to the 130 samples, the second PCA calculation included soil 
samples from municipal wasle incinerators, which are designaled wilh an "I" (6, 7); soil samples 
ORGANOHALOGEN COMPOUNDS 
Vol. 51 (2001) 208 



AQUATIC ENVIRONMENT 

from chloralkali plants, which are designated wilh an "A" (6); pentachlorophenol and 
pentachlorophenate (PCP) data, which are designated with a "P" (8); sludge dala from three 
publicly-owned treatment works (POTW) in North Carolina, which are designated with an "S" 
(9); and, sediment samples from the Leaf-Pascagoula River Syslem in Mississippi, which are 
designated with an "M" (10). 5eeTable I. Because data from the pulp mill effluent were not 
available, we were not able to include it in our analysis. 

able 1. Types 
Designation 

U 

L 

W 

C 

G 
1 
A 
P 

S 
M 

and Sources of Dioxin Data 
Description 
Roanoke River upriver of Welch Creek 

Roanoke River downriver of Welch 
Creek 
Welch Creek 

Conaby Creek 

Former Georgia-Pacific Sawmill 
Municipal Waste Incineration 
Chloralkali Plant 
Pentachlorophenol and 
Pentachlorophenate 
Publicly-Owned Treatmeni Works 
Leaf-Pascagoula River in Mississippi 

Matrix(es) 
Sediment and 
Wetland 
Sediment and 
Wetland 
Sediment and 
Wetland 
Sediment and 
Wetland 
Soil 
Soil 
Soil and Sediment 
Chemical 

Sludge 
Sediment 

n 
19 

64 

36 

4 

7 
14 
10 
4 

3 
65 

Ref 
3,4 

3,4 

2,3 

2 

4 
5,6 
6 
7 

8 
9 

Results 
The first PCA included data from the 130 sediment, wetland, and soil samples from the lower 

Roanoke River and generated a four-dimensional model that explained 94% ofthe variation in the 
data. See Figure 1. This figure shows the major differences and similarities among these samples; 
three general clusters were identified. Clusters indicate a similar PCDD and PCDF congener 
pattem. The first cluster (I) includes samples from the Roanoke River upriver and downriver of 
the confluence with Welch Creek (U and L), Conaby Creek (C), and the upper part and some 
samples from the lower part of Welch Creek (W). The second cluster (II) includes only the soil 
samples from the sawmill and was dominated by oclaCDD, heptaCDDs, and hexaCDDs, 
indicating the influence of PCP. This is consistent with the seasonal use of PCP al that facility. 
The third cluster (III) includes 14 samples from the lower part of Welch Creek (W) and was 
dominated by 2,3,7,8-tetraCDD and 2,3,7,8-tetraCDF. This is a sirong indication of a pulp mill 
influence (II). 

The second PCA included PCDD and PCDF data from known sources and also generated a 
four-dimensional model that explained 94% ofthe variation in the data. See Figure 2. Generally, 
four clusters were identified. The first cluster (I) includes the PCP samples (P) and the soil 
samples from the former sawmill (G). The second cluster (II) includes the chloralkali samples (A). 
The third cluster (III) includes incineration samples (1), POTW samples (S), the Welch Creek 
samples (W), the Conaby Creek samples (C), and the Roanoke River samples, both upriver (U) 
and downriver (L) of Welch Creek. We identified four POTWs that discharge into the lower 
Roanoke River and these are potential sources of PCDDs and PCDFs in the river. Also, certain 
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Welch Creek samples in the third cluster, appear close to cluster II, indicating multiple sources to 
this area. The fourth cluster (IV) includes the Leaf-Pascagoula River sediment (M). The 
Mississippi sediments did not cluster with any other samples. 

Conclusions 
Based on our evaluation ofthe available data, we conclude: 
1. The fonner sawmill is not a source of PCDDs and PCDFs to the Roanoke River. 
2. The pulp mill and former chloralkali plant are sources of PCDDs and PCDFs lo 

Welch Creek but not to the Roanoke River. 
3. The PCDD/PCDF pattems in the lower Roanoke River and tributaries are consistent with 

pattems from POTWs in other areas, suggesting that POTWs in this area are a potential 
source of these compounds. 

Because ofthe limited design ofthis sample colleclion and certain quality issues respecting the 
data, we are conducting a comprehensive study ofthe sediments and wetlands in the lower 
Roanoke River and its tributaries. We have collected sediment and wetland soil s,;imples from 
more than 50 locations in this area and are seeking access lo the four POTWs to sample their 
effluent and sludge. 

Acknowledgment 
This research project was sponsored by Georgia-Pacific Corporation, Atlanta, Georgia, USA. 

References 
1. Jackson, J. E. (1991). A Users Guide to Principal Components. John Wiley & Sons. New 

York, USA. 

2. Tysklind, M., Fangmark, 1., Marklund, S., Lindskog, A., Thaning, L., and C. Rappe. (1993) 
Environ. Sci.Technol. 22( 10), 2190,. 

3. Weyerhaeuser (2000). Remedial Investigation Report, Welch Creek Area, Volumes I and II, 
prepared by RMT. 

4. North Carolina Department of Environment Health and Natural Resources. January, 1997. 
Expanded Site Inspection. 

5. US EPA. May, 2000. Preliminary Dala Characterization Summary, Lower Roanoke River, 
Martin. Washington, and Bertie Counties, North Carolina, prepared by CDM Federal 
Programs. 

6. Analyses performed by Environmental Chemistry, University of Ums5, SE-90] 87 UmeS, 
Sweden. 

7. Schuhmacher, M., Xigrd, A., Llobet, J. M., deKok, H. A. M. and Domingo, J. L. (1997). 
Arch. Environ. Contam. Toxicol. 22, 239-246. 

8. Hagenmaier, H. and Bmnner, H. (1987). Chemosphere. 1^, 1759-1764. 

9. USEPA. (1989) National Sewage Sludge Survey. Office of Water (WH-585). Rep. Nr. PB-
90-107491. 

10. Fiedler, H., Lau, C, Kjeller, L.-O., and Rappe, C, (1996) 
Chemosphere. 22. 421-432. 

11. Swanson, S.E., Rappe, C, MalmstrOm, J., and Kringslad, K.P., (1988) 
Chemosphere, 17.681-691. 

ORGANOHALOGEN COMPOUNDS 
VoL 51 (2001) 210 



AQUATIC ENVIRONMENT 

l | 1 | 79% 

Figure 1. The score plot (tl vs. 12) showing the dominating trends in the composition of PCDDs 
and PCDFs in the Lower Roanoke River. U=Roanoke River upriver of Welch Creek; L= Roanoke 
River downriver of Welch Creek; W=Welch Creek; G=former sawmill; C= Conaby Creek. 
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Figure 2. The score plot (tl vs. t2) showing the dominating ttends in the composition of PCDDs 
and PCDFs in the Lower Roanoke River and known PCDD and PCDF sources. U=Roanoke River 
upriver of Welch Creek; L= Roanoke River downriver of Welch Creek; W=Welch Creek; 
G=former sawmill; C= Conaby Creek; 1= Municipal Waste Incinerators; A= Chloralkali plants; 
P=Pentachlorophenol and Pentachlorophenate; S=Sludge from POTW; M=Leaf River and 
Pascagoula River sediments. 
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