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ABSTRACT

A laboratory experiment was conducted to study the characteristics of leaching of Cr, Cu, and As from
chromated copper arsenate (CCA)-treated wood. The wood species tested was hemlock spruce (10 cm X 10 cm
X 10 ¢cm cube). The leaching experiment was conducted over 60 days using I L of leachants whose pHs were
adjusted to 2.0, 3.7, and 5.6, respectively with nitric acid, and also using lake water, according to the OECD
guideline. Each leachate was analyzed for Cr and Cu using flame-AAS, and for As using vapor generation-
AAS. Three metals were leached at the highest levels at pH 2.0 but almost at similar levels at the other
conditions. Cumulative quantities over 60 days of a leaching period were in order of As>Cu>Cr. As was
predicted to leach with an increase in flux over a 10 year period, while Cr and Cu fluxes were predicted to
decrease with time. This result suggests that arsenic can pose a health risk to humans over a long period of
time, when CCA-treated wood is used for building facilities (e.g., playgrounds, residential purposes, etc.) with

which humans frequently contact.
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Bo] $A1AEQ FFol AT FHE vepdcke
Zle] ¥ 531%™ A] (Stauber and Florence, 1987), 1990
Gl 288 w3, vl 3%, FAR s SolA
CCA A¥9] 48 EA dgt A4} $35 o],
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2] AAFHNO:) & 2542 MHste] 298 4
saloleh. Al JAare _,9,_5 F4 =38 (Wako
Chemical Co., 9&) =3 vte A F (53}, 8=

e = 341
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oz Agsiaeh 4 39 3 778 e
A7) Qs o) 10749 AEvich 32 As 2
9% w2AnE BRI

7 gl 9F aASEA MDLE el
o) wle} AAs}edth WA reagent blankel] o
3 10w E3e) 2437 ko) :FM X} (standard
deviation, SD)& -3k 3.9, o] Zroll 3-8 ¥l 7]
717323+ (instrument detection limit, IDL)E -3}
Aot o] IDLY 3ufel] I = Fxo 2FEE0E
e Fell, AF ] W -’-‘"‘é £ 3l A& A5
°] SD& T3k, o] 3ol 3.14% F3le MDLE
FEtg o (&, MDL=3.14 x SD). Cr, Cu @ Asd]| o
& MDLL 77} 0.1,0.2 2 0.002 mg/Lo|glch =
gt wjAle] 2EEAE spikedle] F W HHE A
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T AlZbol Higt 1z s ehlol 7oA At
H AZHE G+ (e —t)22 ARSI o] E log
Az whpe] &EsPd A AMe) s
doz mAsle A7k Aol ulE Flux(At)e]
w3 Aske 474 et 4~ 3w (OECD, 2003).

AgA A FluxAn=Ane] AF log 2ALS] 1

=, ZF logoFlux(At)=fllogit)ellr| 2E =3 A
52 dutd oz A EEF Bt o7]d
MR 23} D GRS AE ARgsle] Wl &S
a,b ¥ cF T3 F, 109 F<tell A3 Flux(Ane)
W3lE o 2319 (OECD, 2003).

logie Flux(At)y=a+b logie (1) +c logio (1)
(Equation 4)

1. SEY pH Y SEof W}

ZAito 2 pHE ZA3le] S29iE whEe] A4
g S 8] pHE 28 2704 %
71ell wls F7Fekadel. pH 2.0 2 5.60] A= W37}
Z2- Helojr] ZkZk o 27(14) 2 6.5(609)7}
2 F74ek Widel|, pH 370X 2E 7] 7be)] A3t
el pH7E 53~6.39 W= A Frlelsd
oh. 7 A3} pH3.7 Y 569 Z7e|A 279 pH
1L.9%EE9] Apel7) AN 49443 F8 A pH
M2 AR ahE HeERlTh TR 3ag
3= Z71e] pHQl 7.0¢) vws] =& A8d4 pH
7} 23818 7t4sle] 5.9~6.69] WS vfepch

71&9 o2 dFASd 23 Ll E
Letlo] pH W3tel] Hak AFel A A,
ofntx o] e} FARE A RS How
FA gk pH7} 2718 o) YA dAuh
23 Zo] AHE £ Ut B dyelM AW
2 A4S B AdeEAl goade] of 20~
30% A= FHHel ok (35, 2004). whH ¢
7144 Jeple A4 94 94 0.05~0.4% A
=rt gEe] Ak 23R 1% v]gke] Ao s
EA 8= A3 (Ca0)7} Bl 28] Ca(OH)7} =
2, o] 7 o] A} wh-EhHA pHE F7HAZ1 4l
o] Hxivtx WA=} ool el pH7F A<
Z4pe] Aol A3)e] Sdo] AHoz A
< Hhdo)|, 2l g Fol] EAlEE Fe]o] 2 22

o el
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e 7 AEele A fARRE £5E delld
EAA- AL w4 S 27)dE 42 st
FlEg 32 pFojglon}, Azte] ARFSEF
¥x7F 2718 pH200M%E 50 wiiRE], 3.75%
56004 6LAIRE, 28l 32pellME 5YA
2] Fee] R 52 A& od ¢ U w
o, ZE Afede 4% 717k Sl F==A
=] Wiyt ggled, 7 7 vk vEAM =
g yez $9ES I 5 gld
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Fig. 1. Variation of pH values with leaching time (day).
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h=laa] 5]
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o,

W QdADE Table 20 vehiivh wal ojzRe)  AHFWA pHE| A7}t dojuyk AR F3 AFd
L (0015 U2 [Flux(A0lg AAlslel A pHrt A9 fAk ooz Hl7) bzt
Fig. 29} 3¢ vjehich. 318 4 gloh(Fig. 1),

609 Fetel FALDFQMO]L RE AN Fig 3ol Aol w2 flux(Ane] M3k log
As>Cu>Cro M2 TR vebgeh =3 v gtez wdste) Yeldoth Cr(a)st Cub)e v 7}
7HA2] Ag 271 F pH7} 7P @2 209 27 A9 BE 27olA] Alzke] gl wle} flux(At)
dlAl A 7B AR A gdeke] v A 27 /) adts AYE RAFT ok 53] Cud]
o uls] "R Eohet(Fig. 2). yhe]l pH3.7,56 3 fel= Croll s Ar=rsl F8 Aoz v,
Zag e FREEE] A Apelg Helxn]  &27|HE ¥ fluxE §EHTL Alzke] H ARl
Wttt (Fig. 2). o] = u]Fo] & o pH7} 4 AR o fluwh F43) Faske AL & & o 1
o gl vl 2 gL v AL A 4 A Hell As(o) CrE Cuske whaA Alzbe] ZAwdt
o pH 3.7, pH 5.6 Bl 345 Zholl ed=ke] Rlol7}  of whe} 2318 flux(Ay7h 2718 Alzte] A4
A9 W AL 270elx pHZF SFHAT S5 F 2oldl wls) AA o wel 44 Aol A

Table 1. Leaching of chromium, copper, and arsenic from CCA-treated wood in four different conditions over the 60-day
leaching period

. Cr (mg/L) Cu (mg/L) As (mg/L)
Time
@ay)  pH20 pH37 pHS6 L3S pH20 pH3T pHS6 Ao pH20 pH3T pHSE LAKe
1 55 068 077 073 36 46 41 35 80 18 21 28
2 49 050 043 039 8 22 19 13 75 13 13 12
4 73 054 057 051 35 24 25 16 84 21 23 24
6 66 045 044 041 320 18 13 81 27 26 25
8 54 040 038 032 30 L1 084 056 0 37 30 27
10 48 036 036 031 22 084 066 024 0 39 33 71
20 312 12 13 47 31 40 31 2 79 1119
30 17091 096 098 65 12 17 27 3 12 11 16
40 2 064 067 083 76 16 15 24 s6 15 15 17
50 19 041 040 038 St 075 048 096 87 31 36 26
60 17029 038 038 4 032 078 10 24 22 30 0B

Table 2. Total quantity [Q«(At)] of chromium, copper, and arsenic leached within a time interval per m’ of wood area

4 Cr (mg/mz) Cu (mg/mz) As (mg/m2)
Time
(day)  pH20 pH37 pHS6 Lake  pHo0 pH3T7 pHS6 Iv;zf:r pH20 pH37 pHS6 Loke
1 80 97 109 97 520 65 51 47 128 25 36 37
2 76 77 61 60 440 34 29 20 16 21 20 19
4 116 86 90 77 ss4 38 40 24 134 34 36 37
6 107 73 71 65 s34 %2 30 20 132 44 4l 39
8 8 65 62 50 499 17 14 9 167 59 49 4]
10 79 59 58 50 367 14 1 4 166 63 53 113
20 205 182 188 180 739 48 63 44 346 124 181 273
30 273 142 156 15 1047 19 27 4l 850 182 182 238
40 360 104 109 132 1236 25 24 38 907 242 239 274
50 33 66 64 59 80 12 8 15 1414 497 583 403

60 278 49 6.2 6.0 734 5 13 16 3726 372 491 369
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3. iEAIe AHY o flux B ol F

A 49] 22} A3 S8 R AlSa, b Y B
-3 Table 3ol Yeldel. Cr g Cuef 93 2R1A
e HA 0797914 3 09829 &2 FHe
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Fig. 2. Plots of the cumulative quantities of Cr(a), Cu (b),
and As (c) at each measurement time point (day).
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2l HbHoll, Asoll W3 AAA$E 0.202~0.544
o] wlwAd =2 k& el

2ol 3 wiZAS a, bR e ARl A}
4 27)3E 109 $¢) flux(AnE 9353}
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()
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0.0
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=0.5 O'.O 0.5 II.O 115 2.0
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Log, [time (d))
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Fig. 3. Variations of the average daily flux(At) values of Cr
(a), Cu (b), and As (c¢) during a time interval with
time. The flux values for Cr and Cu decreased with
time at four different conditions, whereas those for
As increased with time.
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Table 3. Parameters a, b, and ¢ determined by second-order
simple polynomial regression equations at four
experimental conditions

log ) Flux(ty=a+b log,, (t)+¢ logio (1)

Condi-
: Metal
tion a b c 2
Cr 2.755 —0.487 —0.0054-  0.905
pH2.0 Cu 1.967 0471 0.0975  0.797
As 2.221 —-1.024 0.592 0.542
Cr 1.772 —0.630 —-0.229 0.982
pH37 Cu 0.965 —-0.297 -0.210 0.982
As 1.414 —-0.301 0.205 0.217
Cr 1.729 —0.714 -0.130 0.946
pH56 Cu 0.990 —0.403 —0.140 0.979
As 1.537 —0.640 0.391 0.544
Cr 1.670 —1.299 0.306 0.844
Lake
water Cu 0.940 —0.453 —0.0909 0.954
As 0.147 —0.258 0.177 0.202
1.0e+8
1.0e+7
1.0e+61
T 1.0e+51
£ 1.0e+4
%D 1.0e+3
§ 1.0¢+21
% 1.0e+14
Z 1.0e+0
—Cu
1.0e-=14 | Cr
1.0e—21 -— - As
10e—-3 —— T v -
0 730 1460 2190 2920 3650
Time (day)
1.0e+8 C
10e+71 (c)pH5.6 . C;l
1.0e+6 1 —— - As
T 10e+51  eememmoT
E 10e+d4]{ =777
g 10e+31,77
g 1.0e+2 1
§ 1.0e+1 A
 1.0e+0
1.0e—1+
1.0e~2
1.0e-3 - T g T
0 730 1460 2190 2920 3650
Time (day)

£2 =4

345

(Fig. 4). pH 2.0(a), 3.7(b) & 5.6(c)2] &A slollA],
7+ Az flux(Ahs SR A3ke vebdoh
Z Ast= A7) AX ALSIA flux(Ayzk 7}
3 7oz &% ubdel, Cr#}t Cux A7te) e}
flux(A)7} 7348 7Zoz d&HYgu Aske 53]
pH 2004 25 F70elA] flux(AD9] kel F43}
A Z7 sl S B, ofF U pHelME ¥
& pxa A AA ZA W ulk ARl
37 Foz £8d S Sk AE HAFY

pH 3.7} pH 5.6 Abelel = flux(A) W5l $lo} &
ztol g vfepi A ¢kstet. gHE, 344 (d)ollAE Cu
o) flux(ayZh B A e 54 Ve
7] FA FHasicirl 2004 0] A= A)
HBE 1074 A E7kele A el

Flux(At) (mg/m?/d)

1.0e—-3 T v T T
730 1460 2190 2920 3650
Time (day)
1.0e+8
1.0e+71 (d) Lake water |7 (C:t‘
_ 1.0e+6 Tk
2 1.0e+5
£ 1.0e+41
=)
E 10e+3y ]
) 1.Oe+21(;_,;_:_"_:,:::—_—_————————
E LOe+1+ "
£ 10e+0{ e
10e~14 T
1.0e—21
1.0e—3 . . .
0 730 1460 2190 2920 3650
Time (day)

Fig. 4. Fitted daily flux(t) versus time (10 years): (a) pH 2.0, (b) pH 3.7, (c) pH 5.6, and (d) lake water. As fluxes increased
over 10 years at all conditions, whereas Cr and Cu fluxes decreased with time except for lake water, for which Cu

fluxes increased with time after 200 days.
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Ao Aol WEAA LT A9 A TS
s AEse) Yol £ B4 wr) 9D A

LB 7L 2ol A& ASE mARE Al
et o] A7l OECDE] AFof weh 424l
& AABIGARL A 77 Sl S5 2] pHY}
Wahs A ) sich wEtA 7ol AE5E =
A7) AiME d9d oz SEAE QoM P
HFEdM ode 4etd g BN 7o o AR
ol AHEke 2 mARL 4 9le Aoz gdErt

3ZA o] AFE B3 A S AE FolA
W 5o FAL el Ase) g F17
 Qod B ok, A0 AHNE Seko)
A&5]0) BA Wl FHHel U Ase] HREol
273 Fo= 99 4 ke AL 293 o 4
oAk T 54 Aol pHrk oFE )
o sl A, s Fol EASE ¥ALCH
A 3 Fulabz <18 pH 37 % 5.6 A8l $4)
@ fgon 34 A¥E $UHE AL % 4
gledo} (Kartal ef al., 2007).

Warner and Solomon (1990)2- pH 3.5, 4.5, 5.5 (¢]
A} citric acid/NaOH buffer), 7.0 (/%) % 8.5
(borax/HCl buffer)®] z73} t©jEe], 0.1 N 3Hite
2 pHZ 25,359 452 gfeo] LRSS AN
g A}, P& pHolA o 92 §8bo] defyton,
AR o= citric acid bufferE AF23F A$-of o
@e 2] Yoluieh war A Arel £ ¢4
= o] AT A= w=2A Cu>As>Crol vk
Cro] $¢g] 74 2k AL Cro] A 59| ¥
axF} ZdskA A7) wE-olw (Bull, 2000). ¥
Wejl, Cux AER 229, 187 Asx Cu ¥E3= Cr
9] arsenate el 2 w]wA oF3tA A= Croll
H]& o 2 2-€-5(Bull, 2000). =3} citric acid+=
A 742 carboxylZ] ¢} 3 7§¢] hydroxy (-OH)7|&
23 S f714ke] 7] W Eell, Cu o] &3 ZH ol E
£ & QA Cud) 488 Lo3HA & F= A
oz A7

wEhA olel 7b2 SERAGS AAF wof= of
W EF9] AR AMgEabel wel Azt vas)
7ol 39 sfof gt B8 /M ££2 A2 o
A 42 wiAs AH AMERe AeARl 18X
23 7571 g 18 ASele BA9) A5
uje] om ARE Wl {3k UkE 3

[o%
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