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ABSTRACT

RDX (hexahydro-1,3,5-trinitro-1,3,5-triazine) is the most important explosive contaminant, both in concentration and in
frequency, at military shooting ranges in which green technologies such as phytoremediation or constructed wetlands are
the best option for mitigation of explosive compounds discharge to the environment. A study was conducted with two
identical lab-scale plug flow constructed wetlands planted with Amur silver grass to treat water artificially contaminated
with 40 mg/L of toxic explosive compound, RDX. The reactor was inoculated with or without RDX degrading mixed
culture to evaluate plant-microorganism interactions in RDX removal, transformation products distribution, and kinetic
constants. RDX and its metabolites in water, plant, and sediment were analyzed by HPLC to determine mass balance and
kinetic constants. After 30 days of operation, the reactor reached steady-state at which more than 99% of RDX was
removed with or without the mixed culture inoculation. The major transformation product was TNX (Trinitroso-RDX)
that comprised approximately 50% in the mass balance of both reactors. It was also the major compound in the plant
root and shoot system. Acute toxicity analysis of the water samples showed more than 30% of toxicity reduction in the
effluent than that of influent containing 40 mg/L of RDX. In the Amur silver grass mesocosm seeded with the mixed
culture, the specific RDX removal rate, that is 1st order removal rate normalized to plant fresh weight, was estimated to
be 0.84 kg"'day™! which is 16.7% higher than that in the planted only mesocosm. Therefore, the results of this study
proved that Amur silver grass is an effective plant for RDX removal in constructed wetlands and the efficiency can be
increased even more when applied with RDX degrading microbial consortia.
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Fig. 1. Schematics of lab-scale plug flow constructed wetlands
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Fig. 2. Temporal changes in temperature, pH, DO, and redox potential in the liquid phase of lab-scale constructed wetlands planted with

Amur silver grass.
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Fig. 3. Concentrations of RDX and TNX in the influent and
effluent of lab-scale constructed wetlands.
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and Armstrong, 1990).

Fig. 30l A7kl mE f95 55 2 f=F W RDX,
TNX s% W32 Vet 23 A2 12921714]
£ 99 RDX % 10mg/LeE FUsAt. 27)0 =
At A B B ¥FEoA FEFol49 RDX &= 2t
ZF 5t 5.0, 3.8 mg/Le]lA e, RDXSY &3l AHE<]
TNX, DNX ¥ MNX= #HZFHUHFig. 4a). o= 23
Z 397 AR Betell 2ol Yol Y RDX] ¥
F7F EalEA] @ =28 otk ey QIFEAeA
RDX= W] =l AF 2dAREHE §E500A
RDX % DNX, MNXE ZA=HA] %31 wlzke] TNXTH
A=At AFAZE 280 oo AFTHAE
HAEAA] TR BAgle]
oM e RDXZF BF AAE] diFEo] TNX(
4mg/L)E HEERATHFig. 4b). ool A 1284}
4 RDX 552 40 mgLE Z7MAATH ¥4 RDX
Z7F 3, 14830l E A B B HRSE fESOIN 7
0.08 2 0.18mg-RDX/Le} 542 2 507 mg-TNX/LE
7¥8}9aL, DNXSF MNXE 1 mg/L ©J8te] 5= 75y
ATE I o]F AF 204A7A = TNX S
15k RDX &% 747}t AEEATHFig. 4 c&d).

Ae 30LAEEE F kR 55 RDX &7}
0.4 mg/L oJ3}2 7 WHd, 55 TNX =7} H3}

o H

=
AETFA

off do
MM ozo 12

i

1

T



=24

i

278 21 T2 &A1 RDX AASLs} 89

Wetland_121207_PlantOnly_1_1 DATA - Prostar 325 Absorbance Channel 1 LC1103M826

= F
2. = |l
: |1| |p' “‘
A
z I i
v [ =_[\ [\ \
- — ',i ‘: \f,,j_a&;\_‘;;" Ay ]
|
It
-1 0
o 1 - 3 -t 5 [5) " 8 k=] 10 11 =] 13 14 15
(a) Day 0

Wetland_121211_PlantOnly_1_1 DATA - Prostar 325 Absorbance Channel 1 LC1103M826

[

I
0 ',
;/"ﬁ\~7""n'\\j» — -fl‘l

1 2 3 4 5 6

a 9 10 11 12 13 14 15
Min

(b) Day 4

Wetland 121220 PlantOnly 1. DATA - Prostar 325 Absorbance Channel 1 LC1103M826

1 2z 3 4 S 6 8 =] 10 11 12 13 14 15
Min
(c) Day 13
Wetland_121229 PlantOnly_1_ 1. DATA - Prostar 325 Absorbance Channel 1 LC1103M826
I
.l
S _d J —
/\,J -&-4
1 2 3 =3 S 6 8 =) 10 11 12 3 14 15
Min
(d) Day 22

Fig. 4. HPLC Chromatogram of wetland (B reactor) effluents showing differences in RDX and its metabolites concentration.
There is no significant differences in the chromatograms of A (Plant+ Bio) and B (Plant only) reactor.
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Table 1. Fresh weight of root and above-ground plant in each stage of the wetlands

Reactor stage A (Plant + Bio.) B (Plant only)
Root (g) Shoot (g) Root (g) Shoot (g)
1 104.2 131.7 91.5 95.8
2 121.0 101.6 104.9 97.6
3 102.7 111.2 126.2 122.5
4 103.4 70.8 108.6 89.5
5 98.9 137.0 104.3 131.6
Subtotal 530.4 5522 535.5 536.9
Total 1082.6 1072.4
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Fig. 8. Concentrations of RDX and its metabolites in sediment
collected at the end of each stage of the lab-scale plug flow
constructed wetlands. (a) Reactor A (Plant + Bio.), (b) Reactor B
(Plant only).
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Table 2. Material balance of lab-scale plug flow constructed wetlands

BEE

e g

=

Reactor A (Plant + Bio.) B (Plant only)

Unit mM % mM %
Amount in the influent Total 16.03 100.00 16.03 100.00
as RDX 0.03 0.20 0.09 0.58
as TNX 7.72 48.15 7.66 47.81
Amount in the effluent as DNX 0.15 0.96 0.24 1.47
as MNX 0.06 0.34 0.12 0.73
subtotal 7.96 49.65 8.11 50.59
as RDX 0.00 0.00 0.00 0.01
as TNX 0.34 2.11 0.38 2.37
Amount in the sediment as DNX 0.00 0.00 0.05 0.32
as MNX 0.00 0.00 0.00 0.00
subtotal 0.34 2.11 0.43 2.70
as RDX 0.00 0.00 0.00 0.00
Amount in the olant shoot as TNX 0.08 0.50 0.06 0.40
ount m the plant shoo as DNX 0.00 0.00 0.00 0.00
as MNX 0.00 0.00 0.00 0.00
as RDX 0.00 0.00 0.00 0.00
as TNX 0.00 0.00 0.00 0.03
Amount in the plant root as DNX 0.00 0.00 0.00 0.00
as MNX 0.00 0.00 0.00 0.00
subtotal 0.08 0.50 0.07 0.43
Mass deficit 47.73 46.28
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A7, Co. Ci= 2 2 B T SE(mg/l),
k= AR A S (day ™)
g= IS AFAIRKday™),
Ej= SR Stk (day ™)

bt

TS A W A= ARl tiste] Sk (normalize)
& AT k= vl A (29 2ol 18E 5 Tk
k
P 2
o714, P RESE Ul 2B (fresh weight, kg)

g71e] 2o eJste] mAE H7HA)RE tiET(B)
RDX AASTE 2F9s 23, vdE Ag7tet tizT9
RDX A HRF AARSF(E 42 091day” 2 0.75
day'o]RAaL, EAY Al Hitslgk RDX A (K)
E ZFZb 0.84kg'day! 2 0.70 kg 'day 2 AFEE AT
ot 2ol EYME AAIg FAI4 RDX= w2
HaE oM, vAES AYE 9 RDX AAFT=
16.7% Z7F3H5Act.

Sikora et al.(1997)2 N7 (Myriophyllum braziliense)

K=
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A= RDX F57F 40 mg/LE Low et al.(2008)%.
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