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ABSTRACT

Chromated copper arsenate (CCA), a wood preservative, has been widely used to protect wood products from attacks by
bacteria, fungi and insects. However, the use of CCA is currently forbidden or limited to some applications in many
countries because the toxic elements (Cr, Cu, and As) of CCA are released into the environments during outdoor uses,
which may cause adverse health effects on humans and ecological systems. This study was conducted to investigate the
distributions of chromium, copper and arsenic in soils adjacent to two CCA-treated wood structures. In a 7 month old
pond entry structure, ten surface soil samples (0-2.5 cm) were collected at lateral distances of 0, 0.5, and 1 m from the
stairway, and nine surface soil samples were collected beneath the deck. Nine top soil samples were taken from a 2 year
old sound barrier structure at lateral distances of 0, 1, and 2 m. Background surface soil samples were also collected from
each structure. Samples were analyzed for some physicochemical properties such as pH, electrical conductivity, organic
matter content, and soil texture. Following the extraction of the elements with a microwave digestion system, samples
were analyzed for Cr, Cu, and As. The concentrations of the three elements in soils adjacent to the structures were
significantly elevated compared to the background levels, indicating that the elements have been leached out of the
structures. Released elements showed lateral concentration gradients within 1 m. The elevations of the three elements in
soils underneath the deck did not seem different (background-corrected concentrations: Cr, 5.01 mg/kg; Cu, 5.50 mg/kg;
As, 491 mg/kg), while the elements in soils near the sound barrier were elevated in the order of As>Cu> Cr with
measured concentrations of 49.7, 44.7 and 52.5 mg/kg, respectively. Background As, Cu, and Cr concentrations near the
sound barrier were 9.88, 30.8, and 46.5 mg/kg, respectively. These results showed that CCA constituents are released into
the environment and it is suggested that risk assessment need to be conducted to investigate harmful effects of the released
elements on humans and ecological systems.
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Table 1. Soil physicochemical properties and the variations of Cr, Cu and As concentrations (mg/kg) in soils with lateral distance from

the stairs
i i Concentration (mg/kg)
Site pH EC (mSfcm) Organic matter Soil .
content (%) texture Cr Cu As
0 m-1 7.24 359 0.17 S 3.42 8.32 2.74
0 m-2 6.71 33.0 0.27 S 5.04 11.0 420
0 m-3 5.92 65.7 0.33 S 3.40 8.18 2.59
0 m Average 6.62 44.9 0.26 S 3.95+0.94 9.17 = 1.60 3.18+0.89
0.5 m-1 7.77 76.2 0.23 S 6.40 13.7 458
0.5 m-2 6.48 475 3.0 S 2.68 11.0 1.65
0.5 m-3 8.23 140.9 0.32 S 4.65 134 3.22
0.5 m-4 7.04 56.1 0.25 S 2.62 7.74 2.58
0.5 m Average 7.38 80.2 0.95 S 4.09 + 1.82 1.5+2.77 3.01+1.23
1 m-1 7.45 80.6 - S 5.70 13.91 223
1 m-2 7.21 46.1 0.26 S 1.94 8.68 2.20
1 m-3 7.21 53.8 022 S 2.91 6.57 1.73
1 m Average 7.29 60.2 0.24 S 3.52+1.95 9,72 +3.78 2.05+0.28
Background (N=9) 7.36 46.2 0.25 S 2.30 + 0.63 11.0£5.79 1.77 £ 0.79
"Not determined.
**S, sand.
s 3.12. 932 #2E&
AR AY AEE F AR © F2E HE Lo
- 8 5 = w
A HEL), $ER), LB FZHM) FROF ro]
1m

B Background

Concentration in soil {(mg/kg)

CCA components

Fig. 1. Distributions of Cr, Cu, and As with lateral distances from
the stairs.
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Table 2. Soil physicochemical properties and Cr, Cu and As concentrations (mg/kg) in soils underneath the deck

. EC Organic matter . . Concentration (mg/kg)
Site pH (uS/em) content (%) Soil texture o Cu A
L-1 8.05 156 0.39 S 5.52 1.1 3.81
L-2 7.61 350 0.26 S 4.17 8.79 2.46
L-3 7.62 79.1 0.41 S 8.83 13.0 7.79
R-1 7.14 50.8 0.29 S 8.13 16.6 8.49
R-2 7.59 67.4 0.16 S 3.24 8.74 2.13
R-3 639 ° 63.9 0.36 S 7.22 20.5 9.96
M-1 6.95 542 0.36 S 114 37.0 7.76
M-2 6.75 59.5 0.37 S 10.2 21.6 10.7
M-3 7.31 95.6 0.27 LS 7.12 10.9 7.00
Average 7.27 108 0.32 S 7.31+2.7 16.5+9.0 6.68 + 3.2
Background (N=9) 7.36 46.2 0.25 S 2.30 + 0.63 11.0 £ 5.79 1.77+£0.79
'S, sand; LS, loamy sand.
30 100
-0

25 EEE Underneath
Background

20 -

Concentration in soil (mgrkg)

Cr Cu As

CCA components

Fig. 2. Comparison of Cr, Cu and As concentrations between
soils underneath the deck and background soils. Asterisks (%)
denote that the concentrations are significantly different each
other at a significance level of 0.05.

2|53t 47 CCA 389 FEE Table 390 VR
Ak, WEHAAMEE 0, 1 H 2 m EBojH xHolxe)
pHE 6.69-7.37¢] BXE Wfehl 5799] el e,
HIAA S pHE 5.25-637% Ui 23S vERNIc)
EE Aol dis) 271 AE s 114-293 pS/emd] BEE
BYor, §718 T2 1% otk Ed g+
clay, clay loam, loam, sandy clay loam §O2 Alg+
Hlw 2 wlAgh Qiake] Exkod FAEI)

3F, 9 2 ¥AY 5= 25 0 molA wjdEss
He} sokFig. 3), A&FE widszel vlsl Wi 6.0,

im
BN 2m
B Background

80

60 4

40 -

Concentration in soil {(mg/kg)

20 A

CCA components

Fig. 3. Distributions of Cr, Cu, and As with lateral distances from
the sound barrier.
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oM Al AR TR WS TRl uiAEEs 46.5,
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Table 3. Soil physicochemical properties and the variations of Cr, Cu and As concentrations (mg/kg) in soils with lateral distance from

the sound barrier

i . Concentration (mg/k
Site pH EC Organic miltter content Soil texture g)
(uS/cm) (7o) Cr Cu As

0 m-1 7.36 212 0.73 C 484 323 18.4

0 m-2 7.37 250 0.62 L 59.5 62.1 843

0 m-3 7.33 293 0.83 CL 495 39.7 464

0 m Average 7.35 252 0.73 L 52.5+6.1 44.7 £ 15.5 49.7 +33.1

1 m-1 6.69 132 0.79 C 50.1 " 309 11.8

1 m-2 6.88 169 0.66 CL 48.1 38.1 133

1 m-3 6.69 114 0.96 CL 484 312 9.9

1 m Average 6.75 138 0.80 CL 488+ 1.1 33441 11.7+1.7

2 m-1 6.78 205 0.79 SCL 442 279 9.5

2 m-2 6.84 223 0.67 CL 453 30.3 9.3

2 m-3 6.97 262 0.99 CL 44.6 29.0 10.2

2 m Average 6.86 230 0.82 CL 44.7£ 0.6 29.1+1.2 9.68 + 0.48
Background (N=9) 5.74 182 0.88 CL 46.5+4.8 30.8+4.2 9.88+1.15

'C, clay; L, loam, CL, clay loam; SCL, sandy clay loam.

Table 4. Soil physicochemical properties and the variations of Cr, Cu and As concentrations (mg/kg) in soils collected from the highly

contaminated area of the sound barrier

i . Concentration (mg/kg)
Site pH EC Organic miitter content Soil texture
(uS/cm) (%o) Cr Cu As
0m 6.86 487 1.02 SCL 217 548 444
0.4 m-1 7.03 166 0.94 SCL 421 294 9.9
04 m-2 7.12 127 0.94 SC 45.1 317 9.5
0.4 m Average 7.08 147 0.94 43.6+2.2 30.5+£1.7 9.67 £0.29

*SCL, sandy clay loam; SC, sandy clay.

30.8 2 9.88 mg/ked Aol7k §lof, o] AHelAY Al
QEe] £ o5 0.4 m ohhe] WM dolte-S
& 5= QU

]

4. 11

o

Are) AnE R PREAL A9 oI A
Blo) Feote] HE % Fal &) ceadl #aE
Foz 825 EY 72, 2F % v
B8 2 & 5 ek A 7Xe) 4
28] S40] 2% Ao P Sl vk
Pt FeeAA Uehd o)z % 14 9%
927} 98-8 AALSAC.

Vagolie) A YRl e AuEe F

de
5
rigt
oY,

©
i

i
s

H

flo fo Mz B~ ox M
K
Y
b

S

R o o
d 3\.‘4:
R e
C

3)

¢
i

Journal of KoSSGE Vol. 11, No. 1, pp. 54~64, 2006

W3} wjFR| el 25 Gl wike], ol 3 AFRk
loamy sando|i. UYHZA| ZE A|EE sanddA] EYe] &
9l mHHo] 2wtk 718 ghde] Witr] WMEY
Aoz AZtdAct HhH WSEoA 9] Y%= sandy
loamOIAEE] clay7HA] B-¥E319.0H, 1 FAME clay
loame] 714 B2 WIEE Rtk B3t fU1E] FHE
AR Y AVEE(0.3% eyl Blsl of 3uf A% %o}
(0.8% Ul9)) 54 4Ee] EAZRE 8589 F JH A
o] Bl & FalEo] Rdho@a AJUFHoR o] 2
SEE Vel 99 3] shurt HUE ZoR BRItk
ASAEE AQH A, "= vl of XA, 28|
e ] A g wATER BAT v EA
FEUEAFE)E Table 5ol JYEPIT Add tjae
AxE A & TiEe] A A $RE AR A



A CCAZ A2l SAS ALSE AT, B2 2 P& AT Bl 28, 72 B vlke] BE 61

Table 5. Background-corrected concentrations (mg/kg) of Cr, Cu B4 >mE ] AR Uelgon, BlAe) 2L o)

and As in the soils of the three sampling sites

Site Age Cr Cu As
Stairs 7 months 1.65 B 1.41
Deck 7 months 5.01 5.50 491
Sound barrier 2 years 6.00 13.9 39.8

*Below the background level.
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Table 6. Regulatory criteria for chromium, copper, and arsenic (mg/kg) in soils

Country Classification Cr Cu As
UK Residential without plant uptake 200
Allotments (residential with plant uptake) 130 B 20
Commercial/Industrial 5,000 _ 20
USA (humans) Ingestion 390 - 300
Inhalation fugitive particulate 270 _ 04
USA (ecosystem) Plants _ - 730
Soil invertebrates 37
Avian 21(1) 61
Mammals 360(111)/330(VI)

*Currently not available.
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