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Fig. 1. Schematic diagram of the column leaching system used in
this study.
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Table 1. Percent recovery of resin capsules for N and P from the synthetic water samples

Percent recovery of added ion"

Percent recovery of added ion®

Treatment
NO;-N NH,*-N PO -P NO,-N NH,*N PO*-P
mgL* o —ommmeee e %o -
10.0 106 91 108 100 98 102
12.5 104 91 101 96 96 99
25.0 108 105 90 100 98 97
50.0 101 93 100 97 96 98

"data based on using 50 m/ of 2 M HCl as stripping solution, ?data based on using 50 m/ of 2 M KCl as stripping solution.

AG™ = AH™ — TAS* (8)
o}7]M, E,=net reaction activation energy; ¥ = RF8-H] =
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Fig. 2. Effects of flow rate on resin adsorption quantity (RAQ) of
NO;-N, NH-N, and PO,-P.
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Table 2. Rate constant (k) of the first order kinetics for the resin adsorption and Q,, values as influenced by temperatures

Tons 10°C 20°C 30°C QY Q11
——————— K (min™") -

NH,~N (1.0mg - I'") 0.032 0.044 0.062 1.38 1.4

NO,-N(30mg-I') 0.029 0.056 0.109 1.93 1.95

NO,-N (5.0 mg-I™" 0.034 0.049 0.089 1.44 1.82

PO,"-P(05mg-1") 0.037 0.045 0.129 1.22 2.87

PO P (1.0mg-1" 0.059 0.066 0.080 1.12 1.21

QT = (Kpg/K 1o Z)QIO_II = (ky/kyy)
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Table 3. Net reaction energy (Ea) and thermodynamic parameters (free energy of activatioin, AG*; enthalpy of activation, AH”; and entropy
of activation, AS™) for ions (NH,-N, NO;-N, PO,-P) remaining in synthetic solutions at three temperatures

Ton Temp. (K) AGY AH AS E,

283 603.11 338.58 1194.27

NH,"N (1.0 mg - I')) 293 597.65 338.50 1153225 340.93
303 587.67 338.42 1114.94
283 610.99 680.54 2402.57

NO,~N (3.0 mg - I') 293 57135 680.46 2320.40 682.89
303 539.40 680.37 2243.67
283 598.16 491.89 1736.02

NO, N (5.0 mg - 1) 293 588.34 491.81 1676.52 49425
303 556.76 49173 1621.02
283 591.39 636.08 224556

PO P (05mg-1") 293 595.42 636.00 2168.63 638.44
303 525.02 635.92 2097.01
283 554.13 153.03 538.77

PO-P(1.0mg-I") 293 563.72 152.84 520.07 155.38
303 565.88 152.86 502.62

units for AG™ is J/fmol, AH* is kJ/mol, AS* is J/mol - K and Ea is kJ/mol.

Table 4. Coefficients of determination (r’) of the model (Y= a + bX™) for the relationship between RAQ (mg) and amounts of N and P

in water passed through the resin capsule (g)

Wolkok Watershed P Reaction Time Model
m{(NH,*-N)},, : RAQ(NH,*-N) 0.51%** 48 hr Y 1=1.67+0.38X"
m{(NO, -N})},, : RAQ(NO,-N) 0.94#%% 48 hr Y '1=020+1.93X"
m{(PO,-P)},, : RAQ(PO,-P Q.70%%% 48 hr Y ' =0.05+ 0.002X"

Yulmoon Watershed r Reaction Time Model
m{(NH,-N)},, : RAQ(NH,*-N) 0.54%% 48 hr Y !'=1.48 +0.44X"
m{(NO;-N)},, : RAQ(NO, -N) 0.98%#* 48 hr Y '=026+292X"
m{(PO,-P)},, : RAQ(PO,*-P) 0.61 %% 48 hr Y =0.05+0.002X™"

Total P Reaction Time Model
m{(NH,"-N)}, : RAQ(NH,"-N) 0.21* 48 hr Y!'=157+035X"
m{(NO;-N)},, : RAQ(NO,™-N) 0,874 48 hr Y1=0.21+2.15X"
m{(PO,”-P)},, : RAQ(PO,™-P) 0.27* 48 hr Y'=0.05+0.001X"!

m{(NH,"-N)},, : Mass of (NH,*-N) in water passed through the resin capsule, m{(NO;-N)},,

: Mass of (NO,™-N) in water passed through the resin

capsule, m{(POf’—P)}W : Mass of (PO,*-P) in water passed through the resin capsule, *Significant at p < 0.1; **Significant at p < 0.01; ***Significant

at p < 0.001.
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Development of Mixed-bed Ion Exchange Resin Capsule for Water Quality Monitoring

Jae E. Yang*, Chang Jin Park!, Dong Kuk Kim, Yong-Sik Ok, Kyung-Ryul Ryu, Ju Young Lee and Yong Seon
Zhang' (Division of Biological Environment, Kangwon National University, 200-701, Korea; 'National Institute of
Agricultural Science and Technology, 441-707, Korea)

Abstract: This study was conducted to develop and assess the applicability of mixed-bed ion exchange resin capsules
for water quality monitoring in small agricultural watershed. Recoveries of resin capsules for inorganic N and P
ranged from 96 to 102%. The net activation energies and pseudo-thermodynamic parameters, such as AG*, AH*, and
AS“ for ion adsorption by resin capsules, exhibited relatively low values, indicating the process might be governed
by chemical reactions such as diffusion. However, those values increased with temperature coinciding with the theory.
The reaction reached pseudo-equilibrium within 24 hours for NH,-N and NO,-N, and only 8 hours for PO,-P,
respectively. The selectivity of resin capsules were in the order of NO,;->NH,">PO,”, coinciding with that of
encapsulated Amberlite IRN-150 resin. At the initial state of equilibrium, the resin adsorption quantity was linearly
proportional to the mass of ions in the streams, but the rate of movement leveled off, following Langmuir-type
sorption isotherm. The overall results demonstrated that the resin capsule system was suitable for water quality
monitoring in small agricultural watershed, judging from the reaction mechanism(s) of the resin capsule and the
significance of model in field calibration.
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