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Table 1 Major composition (%) and CEC (cmol/kg) of zeolites

Zeolite Source SiO, AlL,O4 CaO CEC
Clinoptilolite China 67.40 11.35 7.27 155
Mordenite Japan 68.90 12.40 2.60 160
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#F 6.5 g 7KAZI&SHN (Sigma) FI1 6.5 g FEENR
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Fig. 1 Effect of initial TAN on the ammonium removal caused by clinoptilolite (left) and mordenite (right). (A, B)

clinoptilolite and mordenite at 1 ppm initial TAN, respectively; (C, D) clinoptilolite and mordenite at 5 ppm initial
TAN, respectively; (E, F) clinoptilolite and mordenite at 10 ppm initial TAN, respectively.
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Fig. 2 Effect of salinity on the ammonium removal of clinoptilolite (left) and mordenite (right).
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Fig. 3 95% confidence interval plots of residual TAN of 25 psu clinoptilolite (left) and 5 psu mordenite (right) at
different salinity levels after 72 hours of adsorption, from 5 ppm initial TAN. The values with different letters indicate

significant difference (p < 0.05) among salinity levels.
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Fig. 4 Effect of pH on the ammonia removal caused by clinoptilolite (left) and mordenite (right).
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Fig. 5 95% confidence interval plot of residual ammonia of 5 %o clinoptilolite (left) and 1 psu mordenite (right) at

different pH values after 72 hours of adsorption, from 5 ppm initial TAN. The values with different letters indicate

significant difference (p < 0.05) among pH levels.
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Fig. 6 The linear regressions for reduced TAN on clinoptilolite (left) and mordenite (right).
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I A EA A A Z R HIRAGR - pH 6 HYKHTEE
i o pH @EBeEE SR R A RREST - I
Kk pH 2 sZ 2 Zeny - BEIRIEE - SRR
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WILAFGHE 25°C~pH4 - 10 HUAREEER L
B - #iERy 0.0006 - 85.05% » pH =) » ST LE
BUBIE - B EIRICR 5 AL pH QX
ST IR BE R o TSR T 5 A R B
(Thornton et al., 2007; Mazloomi and Jalali, 2016) °
Suzuki et al. (1978) LIgHFY (Na-form) A T&RELHY
WG ELRo TR ) - STt 15
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Table 2 Lethal concentration 50 (LCso, ppm) of un-ionized ammonia in different aquaculture species

Species 24 hr 48 hr 72 hr 96 hr Reference
Acipenser brevirostrum - - - 0.58 Isely and Tomasso, 1998
Anguilla japonica 4.6-6.0 - - - Yamagata and Niwa, 1982
Chanos chanos (fingerling) 1.89 1.46 1.25 1.12 Cruz, 1981
Ctenopharyngodon idella - 2.14 - 1.68 A5, 1986
Lates calcarifer (juvenile) 1.59 1.47 - 1.30 Okelsrud and Pearson, 2007
Oncorhynchus mykiss (juvenile) - - - 0.89 Thurston and Russo, 1983
Oreochromis niloticus 1.46 1.46 1.33 0.98 Evans and Pasnik, 2016
0 psu 0.78 0.67 0.62 0.58
Mugil platanus (juvenile, o psu 0.95 0.92 0.88 0.84  Sampaio et al., 2002
different slinity levels)
30 psu 1.03 0.94 0.89 0.84
Table 3 Residual TAN calculated from the linear regression (Fig. 6)
Dose/TAN Initial TAN (ppm)
(g/mg) 2 3 4 5 6 7 8 9 10
0.1 1.36 1.89 2.42 2.95 3.48 4.01 4.54 5.07 5.6
0.25 0.78 1.12 1.46 1.80 2.14 2.48 2.82 3.16 3.5
0.5 0.39 0.57 0.75 0.93 1.11 1.29 1.47 1.65 1.83
0.75 0.25 0.35 0.45 0.55 0.65 0.75 0.85 0.95 1.05
1 0.21 0.28 0.35 0.42 0.49 0.56 0.63 0.70 0.77

The values below 1.3 are presented with grey background.
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1.00) ~ y=0.86x-0.17 (R*=1.00) ~ y=0.94x - 0.15
(R2=1.00) * MG 0.1~0.25+0.5+0.75~ 1 g/mg
AR BRI B AP Ry y = 0.47 x - 0.30 (R? =
0.99) ~ y=0.66 x—0.10 (R>= 1.00) ~ y=0.82 x — 0.03
(R2=1.00) ~ y=0.90 x — 0.05 (R*= 1.00) ~ y=0.93 x
-0.07 (R2=1.00) -

R WA ARSI A B AR 43 A Ry 23.5 F
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SRR RE BRI A - R
Ak SO A B THGT -

Boyd and Tucker (1988) ¥f/k4:AWINEAEL
FREAR

ZAYREE = FREL * 96 hr PEULRE

LA YR PREEIE 0.05 - 0.1 » POKEIAYIRE
(HE M) HARMEEAN 96 hr “EEGREREA
Table 2 iy » 96 hr PEILIREHIE Ky 0.58 -
1.68 ppm- SEEEAT 1 ppm» DIZ 2 IREFREL 0.1+
pH8-30°C FHE #MAZNLEIEE Ky 1.3 ppme

REREEEAZIRE > Ll 0.140.25~0.5~0.75+
1 g/mg HROGHEARM % - K RER A BB
Table 3 Ffi7R DUEHTFH EMREEE L 2IRE 1.3 ppm
FyEAR - BIAHES 2 - 3ppm - FEA AT
Fi 025 g iakn s #EAAHERAZ 4 - Tppm > FE
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R E R R P B R A K RS 2 T
FHE RiiAseEE - EEEEREER - Ak
(S i B ER E IR ATRENE: - BUSREPE AR
— g E AP 180 - 350 ke/ha (Arthur et al.,
2000) - DAEiatkER 1| ARGHE - EEHER
0.018 - 0.035 g/L » ARUBEA RIS S Ik Rt g -
P R A AERHERCR - — s Y
WAk SRR 15 - 20 g/L (Wastson et al.,
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ABSTRACT

In this study, we used clinoptilolite and mordenite, which are the most widely used and researched natural
zeolites, to establish 72-hour dynamic adsorption curves of ammonium at different total ammonia nitrogen (TAN)
concentrations, salinity levels and pH values. The results showed that mordenite is more efficient for ammonium
removal than clinoptilolite. At equal TAN concentrations, it took five times as much clinoptilolite as mordenite to
achieve similar amounts of ammonium adsorption. The salinity level was a major interference factor in zeolite
ammonium adsorption, with a salinity level of only 5 psu reducing the adsorption capability markedly. Specifically,
the adsorption capabilities of clinoptilolite and mordenite were 30 and 20% of their respective capabilities in fresh
water, with clinoptilolite performing better in the face of interference due to salinity. In addition, there were no
significant differences between in the adsorption capacities of either clinoptilolite or mordenite as the salinity
levels were increased from 5 - 30 psu (p > 0.05). The range of pH was 4 - 10 in this study, and the best
performances of clinoptilolite and mordenite were at pH 6 and 5 - 7, respectively. According to these results and
the costs of the zeolites, mordenite is a better ammonium adsorbent than clinoptilolite. We also established linear
regressions for reduced TAN and provided a basis for using mordenite to treat TAN at 2 - 10 ppm, based on the

safe concentrations of ammonia nitrogen for fresh water aquaculture species.
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