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1. 서  론
  Tannins are complex polyphenolic substances present in plants. They may be classified as either hydrolysable or condensed tannins, and extracts of the latter type have displayed carcinogenic properties in animal studies (Hausen, 1981). The International Agency for Research on Cancer has determined that exposure to airborne wood dust, especially hardwood dust during furniture manufacture, is a cause of sino-nasal cancer, notably nasal adenocarcinoma. It appears that the carcinogenicity potency is in the wood itself and not in decomposition products or in the substances applied to the wood. Tannins have been implicated because hardwoods are thought to contain proportionally more tannin than softwoods. Furthermore, it has been suggested that the elevated sino-nasal cancer risk in shoemakers may also be due to tannin exposure (Bianco and Savolainen, 1994).

  In a recent Australian nasal cytological study, it was found that hardwood exposure was more likely to be associated with nasal metaplasia in experienced woodworkers (Pisaniello et al, 1995).

  Thus it is of interest to determine tannin exposures in woodworking processes, and to assess whether tannin exposure, as distinct from wood dust, is a better indicator of sino-nasal risk.

  This paper examines the tannin content of a range of woods used in Australian furniture manufacture, and also reports airborne tannin levels in two factories. 

2. 실험 방법
Inhalable wood dust was measured according to AS 3640-1989, utilising a sampling strategy reported by Pisaniello et al (1991). Tannin values were determined in triplicate according to methods described in Bianco and Savolainen (1994) and Lau et al (1989).

Wood dust samples were extracted with 50% methanol for one hour. All solutions were filtered prior to spectrophotometric analysis, and all reagents were of analytical-reagent grade. There was no significant influence of extraction time (30 min – 6hrs), or air sampling filter type (PTFE, cellulose ester, glass fibre or PVC) on measured tannin concentration. 

A nasal examination (anterior rhinoscopy) was performed at the workplace, noting any mucosal or anatomical abnormalities. Brush cytological specimens were then obtained from the anterior region of the middle turbinate of the nasal cavity judged to have the best air flow. The specimens were immediately applied to glass slides and fixed in 96% ethanol without air drying.

3. 결과 및 고찰
The tannin concentration in wood samples varied from 0.43 to 8.72 mg tannic acid equivalent per gram of wood, for reconstituted softwood and turpentine (Syncarpia glomuliferia) respectively (Table I). This range is somewhat lower than that reported by Bianco and Savolainen, (1994), i.e. 1.6 – 80 mg tannic acid equivalent g-1 of wood, although the wood species are not strictly comparable.

Table II indicates that hardwoods generally contain more tannin than softwoods, which is consistent with previous research.

Measured concentrations of airborne wood dust and tannin are given in Table III. Note that the inhalabale dust concentrations are similar to those published elsewhere, again demonstrating excessive exposures from sanding operations (Pisaniello et al, 1991). Airborne tannin was somewhat lower than that reported by Bianco and Savolainen (1994), and this result may be attributable to the different woods encountered. In the latter study, oak displayed a disproportionately high tannin content. On the other hand, our investigations showed that careful filtration of solutions is necessary to avoid suspended particulate giving high absorbances. 

This work is in progress, of course, the relationship between tannin concentration and nasal cytological score is examined.

Nasal examination of woodworkers and controls did not reveal any significant clinical abnormalities in either group. Cuboidal metaplasia was present in 23 furniture workers(46%), compared with 10 controls(20%). This prevalence rate ratio of 2.3 was statistically significant.

Among woodworkers, cuboidal metaplasia was more common for those historically exposed to hardwoods and to dust levels greater than 2 mg/m3. All subjects with cuboidals metaplasia were also found to have squamous metaplasia.

According to nasal cytology score table, the highest score was 4, corresponding to atypical squamous metaplasia. The prevalence of squamous metaplasia was slightly greater in the furniture workers than in the controls.The mean scores for the woodworkers and controls were 2.1 and 1.7 respectively.

So many odds ratios, for examples, between wood exposure , historical tannin levels, current tannin levels, woodwork experiences and cytology score were investigated. The result of odds ratio between years of woodwork experience and cytology score was 1.83. This value was statistically significant. This reveals that significant clinical abnormalities mainly will be influenced from the years of woodwork experiences.

4. 결론
This study has yielded new information on tannin exposures in the woodworking industry. Also the result of odds ratio between years of woodwork experience and cytology score was obtained as1.83. The value was statistically significant. This reveals that significant clinical abnormalities mainly will be influenced from the years of woodwork experiences.

 Further research is required to evaluate the significance of the data, for the purposes of evaluating risk and standard setting.
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Table I: Tannin content of wood samples (mg tannic acid equivalent  g-1 of  wood)
Classification*
                Name
Tannin conc.                               (mg /g dust )
Origin


Common  trade
Botanical



 Soft  wood
Cedar, western  red

Fir, Douglas

Pine, celery-top

Pine, hoop

Pine, Huon

Pine, kauri

Pine, lodgepole

Pine, radiate 
Thuja  plicata

Pseudotsuga menziesii

Phyllocaldus asplenifolius

Araucaria cunninghamii

Dacrydium franklinii

Agathis palmerstoni

Pinus  contorta

Pinus  radiata
1.76–4.08

     1.42

     2.74

     0.65

     0.85

     0.66

     0.61

     1.24
2)3)

1)

1)

1)14)

1)

1)

1) 2)

1) 3) 4) 5)



Hard  wood
Aningeria

Ash, alpine

Ash, American

Ash, mountain

Ash, European

Ash, silver

Ash, white

Bean, black

Beech, European

Beech, myrtle

Blackbutt. W.A.

Black wood

Cherry

Geronggang

Gum, blue, Sydney

Gum, red, river

Imbuia

Iroko

Jarrah

Karri

Mahogany, American

Mahogany, Brazil

Mahogany, Fijian

Maple, QLD

Maple, sugar 

Meranti, dark, red

Meranti, red

Meranti, yellow

Nyatoh 

Oak, American red

Oak, American white

Obeche

Purpleheart

Ramin

Rosewood

Sallywood, brown

Sheoak, W.A.

Tasmanian  oak 

Teak

Turpentine

Walnut, American

Walnut, European
Sapotaceae

Eucalyptus delegatensis

Fraxinus americana

Eucalyptus regnans

Fraxinus excelsior

Flindersia bourjotiana

Eucalyptus fraxinoides

Castanospermum  australe

Fagus sylvatica

Nothofagus cunninghamii

Eucalyptus patens

Acacia  melanoxylon

Prunus  avium

Cratoxylon arborescens

Eucalyptus saligna

Eucalyptus camaldulensis

Phoebe porosa

Chlorophora  excelsa

Eucalyptus  marginata

Eucalyptus diversicolor

Swietenia macrophylla

Carapa guianensis

Sweitenia macrophylla

Flindersia brayleyana

Acer  saccharum

Shorea pauciflora

Shorea

Shorea faguetiana

Sapotaceae

Quercus

Quercus

Triplochiton scleroxylon

Peltogyne venosa

Gonystylus macrophyllus

Pterocarpus indicus

Acacia aulacocarpa

Casuarina fraserana

Eucalyptus delegatensis ,

Eucalyptus regnans

Tectona grandis

Syncarpia glomuliferia

Endiandra palmerstonii

Juglans  nigra
     1.08

     1.10

     0.63

 1.21-1.54

     1.37

     0.48

     0.67

 1.94-1.99

 0.27-1.17 

     1.13

     4.73

 5.08-7.43

     1.54

     0.86

     1.09

 4.45-4.75

     3.04

     3.63

     2.01

     2.84

     2.42

     2.78

     5.02

     0.98

 0.61-0.84

     0.95

     1.29

     1.83

     1.85

     2.77

 2.01-4.01

     0.62

     1.96

     0.52

     1.76

     1.95

     3.08

     2.55

     0.91

     8.72

     3.28

     1.38
5)

1)

2)3)

1)

12)13)

1)

1)

1)

12)

1)

1)

1)

3)12)13)

7)8)9)10)

1)

1)

15)

5)

1)

1)

3)

15)

16)

1)

2) 3)

7)8)9)10)

7)8)9)10)13)

7)9)

7)8)9)10)11)

2)3)

2)3)

5)

3)5)

8)13)

7)8)10)13)

1)

1)

1)

1)

1)

1)

12)13)

Reconstituted       soft wood
Medium density F.B .

HMR Particle board

Chip  board  

     0.59

     0.43

     0.43


Notes for Table I: 

1) Australia; 2) Canada; 3) USA;  4) New Zealand;  5) Africa;  6) Uganda;  7) Indonesia; 8) Malaysia;  9) Philippines;  10) Sabah;  11) Burma;  12) Europe;  13)  Asia;  14) New Guinea; 15) Brazil;

· Classification  and  name were cited from Australian Standard  2543 and 1148

Table II:  Tannin content by wood type


Tannin  concentration (mg /g dust)


Softwood
Hardwood
Recon.wood

Minimum
0.61
0.27
0.43

Maximum
4.08
8.72
0.59

Average
1.68
2.22
0.48

Median
1.33
1.83
0.43

Table III:  Woodworker exposure to airborne wood  dusts  and  tannins

Activity
Sampling

Method
Principal

Wood
Inhal.dust (mg/m3 )
Tannin conc.

((g / m3  )
Remark

Sawing
Personal


Nyatoh, Jarrah,

Tasmanian oak,

Laminated

Chipboard,

Veneer, Plywood
3.2


9.1


circular saws,

band saws, profilers,

dimension saws,

straight line edgers,

trimmers.


Area



0.72
3.9




Cutting
Personal


Aningeria, MDF

Laminated

Chipboard

Plywood,

Nyatoh,

Tasmanian oak
2.4


4.6
planers, thicknessers,

moulders, shapers, mortisers, tenoners, spindle, moulders, copy lathes, router.


Area



0.87


3.1


Sanding
Personal


Laminated chip –board, Veneer

Blackwood,

Aningeria,   Plywood,

Ameri. Walnut,
5.3
14.5


Paper and  block,

Portable hand  sand  machines

all  kinds of sanding machines


Area



2.2
5.0




