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in the actual application. Scoria used in the experiment is described as follows: The particle size
was mainly distributed between 0.25 mm and 2.0 mm, with the largest size fraction being
between 1 mm and 1.25 mm (26.11%). The pore diameters ranged from 2.0 nm to 50.0 nm
(more than 70%). Thus, scoria absorbent could serve as a mesoporous material. Artificial y
radiation was not seen in the sample. Due to its high specific surface area (30-150 m2/g) and
excellent porosity (74-78%), scoria showed good adsorption. Additionally, scoria was
lightweight due to its low bulk density. Thus, scoria has the potential for application in actual
engineering technology. According to the relationship between SiO; content and rock properties,
scoria absorbent is a basic igneous rock (SiO; content: 45-52%) mineral material [35]. Lee et al
investigated the parameters related to adsorption. Scoria had high CEC (3.08-6.12 meq/100 g)
and surface area, thus, showed high copper uptake [23].

Table 1. Scoria physical index.
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Dark gray scoria | Scoria is a frothy-textured, mafic extrus..
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- samples are presented in Table 1. Mic
ples, while the non-microporous minerals are quartz, feldspars, calcite, barite and gypsum.

g e

as and clays ¢

onstitute the mic

-e Stone

Product Code

PUG-MS-STNP-51 PUG-MS-STNP-52

Grain Size mm 1toll 5w015
Pack Size ' 40
pH value 697
Electrical Conductivity ms/em 022
Nitrogen mg/kg 140
soluble
Phosphorus mg/L 0.19
Potassium  mg/L 955
Calcium ma/l 7.74
Magnesium Mg/l 395
Sodium mg/l 18.00
Iron me/L 0.00
Nutrient
Copper ma/L 0.04
Manganese ma/L 0.02
Zine mg/l 0.02
Organic Matter % 118
Carbon Nitrogen Ratio 50
cec cmolfkg 78 —

 —

roporous minerals of the sam-

gy

Grain Size: 1-11mm

sl o2 £ (51K cudle cec s ph wlie (58 s seal 5o

Table 1. Mineralogical composition and cation exchange capasity (CEC) of the studied sumplcs.

tion
m Adamas Rock Type | Samples| Mi | C1 [TMM| A [TMM+A| Qz | Fs | Cc | Ba | Gy [ TNM che
meq/100g
Village
Bentonite MILS - 100 | 100 | - 100 - - - 106
2 Bentonite | MILID | - | 98 | 98 | 2 100 w I R (e 121
Aggeries mine
Bentonite MIL21 - 68 68 - 68 3 2 - 16 I 3R 35
5.9 km EISN Bentonite MILI7 - 9 9% - 96 3 2 - 4 9
g mino Pumice mic2g | = | - | < | 8 88 i [ =y 7 <—-—
g W otin Mz - [a|als] e |2]2]2 si | 28
laki mine
R NIV e sze ]l s | = | 5w s | - =) 22 3
rahilas mine
2
e S2E Perlite MIL30 | - - 77 77 18] 5 - - 23 14
[Tsigrado mine
IMi: Micas, Ci: Clay minerals, TMM: Total Microporous Minerals, A: Amorphous material, Qz: Quartz, Fs: Feldspars, Cc. Calite,
Murie. Gy: Gypsum, TNM: Toral Non Microporous Minerals.

Clay-rich samples (bentonite and kaolin) and amorphous-rich samples (pumice and perlite) were

identified in the inve

stigated materials.

“ ' .

1 a4

The bentonite s

A

amples contained 68-

‘A

100 wt.% montmoril-
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Typical Technical Properties

CHEMICAL ANALYSIS

PHYSICAL PROPERTIES of PFUMICE
I o

eshes e g 5 famsalie oS Bl 2Bl

5240508 0.

ph=7.2 Jlaa yeai ol ja 5 cec=73 s peaai

a mild abrasive. Some brands of chinchilla dust bath are formulated with powdered pumice. Old beauty techniques using pumice are still
employed today but newer substitutes are easier to obtain

Horticulture ’

A good soil requires sufficient water and nutrient loading as well as little compaction to allow easy exchange of gases. The roots of plants
require continuous transportation of carbon dioxide and oxygen to and from the surface. Pumice improves the quality of soil because of its
porous properties, water and gases can be transported easily through the pores and nutrients can be stored in the microscopic holes.
Pumice rock fragments are g therefore no de and little tion occurs. Another benefit of this inorganic rock is
that it does not attract or host fungi or insects. Drainage is very important in horticulture, with the presence of pumice tillage is much

easier. Pumice usage also creates ideal conditions for growing plants like cacti and succulents as it increases the water retention in sandy
soils and reduces the density of clayey soils to allow more transportation of gases and water. Addition of pumice to a soil improves and
increases vegetative cover as the roots of plants make slopes more stable therefore it helps reduce erosion. It is often used on roadsides
and ditches and commonly used in turf and golf courses to maintain grass cover and flatness that can degrade due to large amounts of
traffic and compaction. With regards 1o chemical properties pumice is pH neutral, it is not acidic or alkaline.”*! In 2011, 16% of pumice
mined in the United States was used for horticultural purposes.' |

Construction ra

Pumice is widely used to make lightweight concrete and insulative low-density cinder blocks. The air filled vesicles in this porous rock
serves as a good insulator.!'?! A fine-grained version of pumice called pozzolan is used as an additive in cement and is mixed with lime to
form a light-weight, smooth, plaster-like concrete. This form of concrete was used as far back as Roman times. Roman engineers utilized it
to build the huge dome of the Pantheon with increasing amounts of pumice added to concrete for higher elevations of the structure. It was
also commonly used as construction material for many agueducts. One of the main uses of pumice currently in the United States is

manufacturing concrete. This rock has been used in concrete mixtures for thousands of years and continues to be used in producing
. o i . . e . . —_ . D
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‘ samples are presented in Table 1. Micas and clays constitute the microporous minerals of the sam-
~ ples, while the non-microporous minerals are quartz, feldspars, calcite, barite and gypsum.
Table 1. Mineralogical composition and cation exchange capasity (CEC) of the studied sumplcs.
Location I CEC
from Adamas Rock Type | Samples| Mi Cl [TMM| A | TMM+A| Qz Fs Ce Ba | Gy | TNM S
E meq/100g
Village
Bentonite MILS - 100 | 100 - 100 - - - - s g 106
. N
e BN Bentonite | MILIO | - | 98 | o8 | 2 100 - - = 2 < % 121
JAggeries mine
Bentonite MIL21 - 68 68 - 68 3 2 - 16 1 32 35
i - - Q 8 5 9
5.9 km EISN Bentonite MIL L7 96 96 26 2 2 4
R nive Pumice Mizs | = | = | = | 28 8% Bl o= | =] = =] a2 73
BV |kaclio miLiz| - | & || s g W 2 el = =] 5 28
Ralaki mine
5.3 km N3 W = | |
1 2 5 - 5 73 78 7 5 - - - 22 3 F—
BSshilis mine Perlite MIL29 5 78 [ (
7k ME
i Sk Perlite MIL30 | - - s il 77 8| 5 - ; . 23 4
Tsigrado mine |
‘I Mi: Micas, Ci: Clay minerals, TMM: Total Microporous Minerals, A: Amorphous material, Qz: Quartz, Fs: Feldspars, Ce. Calcite,
‘ Ba: Barite, Gy: Gypsum, TNM: Toral Non Microporous Minerals.
Clay-rich samples (bentonite and kaolin) and amorphous-rich samples (pumice and perlite) were
identified in the investigated materials. The bentonite samples contained 68-100 wt.% montmoril-
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PLANT GROWTH EXPERIMENTS IN ZEOPONIC SUBSTRATES:
APPLICATIONS FOR ADVANCED LIFE SUPPORT SYSTEMS
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PLANT GROWTH EXPERIMENTS IN ZEOPONIC SUBSTRATES:
APPLICATIONS FOR ADVANCED LIFE SUPPORT SYSTEMS

D. W. Ming', J. E. (Jmcn:r K. E. Henderson', S. L. Steinberg’, D. ). Barta', C. Galindo, Jr.%,
and D. L. Henninger’

NASA Johnson Space Center, Houston, chu\ TT058; IILmundylnngnng Inc., Houston,
*Liberated Services. Houston, Tes

Te

INTRODUCTION

A seoponic. plant-growth system is defined o the cultivation of plants in artificial soils, which have zeolites ax &
magjor companent {Allen and Ming, 1995), Zeolites are crystulline, hydeated sluminosilicate minerals that have the
whility to exchange constituent cations without major change of the mincral structure. Recently, zcoponic systems
developed at the National Aeronautics and Space Administration (NASA) slowly release some (Allen a1 al., 1995)
or all of the essential plant-growth nutrients (Ming e al,, 1995), These systems have NHy- and K-exchanged
clinoptilolite (x natueal zeolite) and cither natural or synthetic apatite (a calcium phosphate mineraf). For the natural
apatite system, Ca and P were made available to the plant by the dissolution of apatite. Potassium and NH.-N were
made available by ion-exchange reactions Illvnlvmg «Ca™ from apative dissolution and K* and NHL' on zeolitic
exchange sites. In sddition 1 NH,-N, K. Ca, and P, the synthetic apatitc sysiem also supplicd Mg. S, and other
misronutrients during dissohition (Figere 1),

The overall objective of this research task is to develop zeoponic substrates wherein all plant growdh nutrients are
supplied by the plant growth medium for several growih seasons with only the addition of watcs. The substrate is
being developed for plant growth in Advanced Life Support (ALS) testbeds (e, BioPLEX) and microgravity plant
growth experiments. Zeopanic substrates have been used for plant growth experiments on two Space Shuttle Night
experiments (STS-60; STS-63; Morrow et al, 1993), These substraies may be ideally suited for plant growth
cxperiments on the Intemational Space Station nd applications in ALS testbeds. However, there arc several issucs
that peed o be resolved before zeoponics will be the choice substrate for plant growth experiments in space. The
chijective of this paper i to provide an overview an recent research directed toward the refinement of zeoponic plant
growth substrares

CURRENT STATUS OF RESEARCH

The first report of wheat seed yiclds from copanic substrates were considerably lower than from control substrates
Groener ef al. (2000) reported seed yichds for wheat grown [ o zeolite-synthetic apatite substrate dilvted with &
potting soil (pear-vermiculise-perlite} 1o be Jess than 30 % of the controls watered with %-strength Hoagland's
mutrient solution. They attributed the low seed yield 1o: (1) above normal contents of N and P e plant tissue, (2]
the NH,-N source (i.e, NH,-induced Ca deficiency), and (3) a wheat variety (var. Superdwarf) that performs poorly
in non-ideal growing conditions.

Although the symhetic agative and mutrient-enriched clinapsilolite substrates supplied adequate levels of the essential
nutrients, N and P levels in plant tissues were slightly higher than required by wheat (sce Gruencr er al., 2000). In a
subsexuent te3i (Henderson ef o, 2000}, plant tissue N nd P concentrations were lowered into the expected nutrient
ranges for wheat by the addition of dolomite (CaMg(CO;):), ferribydrite, and nitrifying bucteria to the zeoponic
substrmte containing synthetic spatite. Secd yields were about 30% greater in the dolomitc-amended zeoponic
subsirate moculated with nitrifying bacteria compared with a peat-vermiculite-perlite control subsirate watered with
\i-strength Hoagland's nutrient soution. The dn\mml: Eddnmn Nuhub\) redduced the solubility of the synthetic
‘apatite due 10 8 common on effeet (1e., Co), baeterin aided in the conversion of NH,' to N0,
which appearcd to enhance sced production The nuumun o dolrei rediicad i Eomlend of wheut Thon 14wt
% in meatments without dolomite additions @ 1.1 wi. % in substrates containing dolamite. The addition of the
nitrifying hacteria further reduced the P plant tissue cantent 1o aboil 0.8 Wt %. Grain yields increased from 4 10 §
granss/pot after the adéition of nitrifying bacteria.

Steitberg of ol (2000) conducted a side-by-side comparison of wheat (var., USU-Apagee) growth and yield in a
hydroponic system and a zeoponic system in a controlled cnvironment chumber, The hydroponic system was a
nutrieni-film tcchnique (ic., seeds were place between fiberglass wicks inserted recirculating nutrient
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Clinoptilolite Average Analysis
Type 1 2 3
Sio2 68.5 68 68
Al203 1 11.5 10.1
Na2o 38 1.8 4.31
K20 44 1.9 1.4
Cao 0.6 25 1
FeZo03 0.2-0.9 1.5 2
L.O1 12-10 122 19
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Chabasai®

ACCUEIL  CHABASAI ACHETER MODE D'EMPLOI FAQ  ACTUALITES CONTACT  NOS DISTRIBUTEURS

1 Chabasal

Chabasai

Substrat naturel

chabasai® est un substrat naturel pour culture des bonsal non
t des plantes rares. Ce
on de cendres

chabasai® a subl un contrale qualité a toutes les étapes de sa
production.

Les propriétés physico-chimiques exceptionnelles de
chabasai® en fonl un substrat incomparable & d'autres matériaux
tels que la pumice et la pouzzolane

: Diatomite <. sl
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separated from each other by submerging roots in to filled cup and rinsing it in a few minutes time Its
disadvantage is cost 3 TL/ 14 liter in Turkey. But there are a lot of natural ditomite sources in Turkey (

Figure. 2)

Table. 1.The Physical and Typical chemical properties of diatomite (Anonymons,2008b)

Physical properties Typical chemical properties
Color- White, cream to yellow Silicon Dioxide (Si0:) 82.17%
Moisture- Approximately 6% Aluminum Oxide (ALO,) 6.74%
Bulk Density- Approximately 0.4 Iron Oxide (Fe0J) 3.15%

PH- 621069 Calcium Oxide (Ca0) 0.04%
Water absarption- 150% - 170% w/w Magnesium Oxide (Mg0) 0.37%
Oil absorption- 115% - 125% wiw Titanium Oxide (Ti0:) 0.60%

Sodium Oxide (Na-0) 0.30%
Potassium Oxide (K-0) 0.04%
Phosphate Oxide (P.0:) 0.09%
Manganese Oxide (Mn0) 0.01%
Strontium Oxide (Sr0) 0.01%
Sulphur Trioxide (S0:) 0.04%
Loss on Ignition L.O.1 5.93%

Table 2. Some phisico-chemical properties of diatomite used in experiment (Jackson, 1962)

pH cEC NaK ] oM €aco, W.H.C
mgk
cmol.kg: cmol. kg« = % % %
66 21 6504 s | 0.03 0.28 150
71 30 6005 2.0 0.02 0.25 185
535
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majpr composition(%)
5102 58 6
Al203 171
8 Fe203 193
0 0076
a0 0044
MnO 0.041
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REPORTS & MULTIMEDIA / EXPLAINER

Coal and Water Pollution

Published Dec 6, 2017

Lakes, rivers, streams, and drinking water
supplies are all heavily impacted by coal mines
and power plants.

Coal is more often associated with billowing smokestacks
than it is with water. But virtually every stage of coal's
lifecycle—from mining to processing to burning—can impact
local water supplies, sometimes with devastating effect.

Coal mining

Mining operations can negatively impact water supplies,
often with long-lasting effects. The fundamental issue
involves contamination of nearby rivers, lakes, and aquifers
by what comes out of a coal mine—usually highly acidic
water containing heavy metals like arsenic, copper, and lead.
The process is known as acid mine drainage. It happens
when certain substances (typically iron sulfide, FeS2, or
fool’s gold) is oxidized after being exposed to air and water.
Runoff can change the pH of nearby streams to the same
level as vinegar.

Another form of coal mining, conducted mostly in Central
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Figure 1. variation of the C.E.C of lignite with the solution pH,
obtained by titration with NaOH 0.1 M

) i (aaly 5 (s 0568 B JI& ) a4 K QL&) (sped (2S5 ) 4Kl s
() 058 S Jle j ab 5ol K Jle Ol al 0 L allad dggl anil 55 e S g0 sl JALS
A B0 il O (g 8 ea ) A adlilie 23l a 25m 50

‘Pine bark z8 & j0 Gus g

¥ ) 2l (e ol sie sl Culid 5 YL ceC Ul 5 sl ph sl I8 @i o Gy
Olsie b a8a3 50 adl el ea ol B Sl alSainl ) atdlhy g )Raile Jlu F G
Influence of Pine Bark Particle Size and pH on Cation Exchange
Capacity

onlie cad o3 R alail ph s ceC s 8 oIl shaie 43 1S Cagy (555 12 4S (D sl )
raila B e adaada | il

23



Influence of Pine Bark Particle Size and pH on Cation Exchange

Capacity
Cation exchange capacity (CEC) describes the  of bark sample was amended wih 1 or 2 biyd” elemental
mmmmmm ‘quantity of cations & sod or subsirate can hold  sufur, or with 4, 8, or 16 lbiyd’ pulverized dolomitc: fine.
changoable his i The non-amendod bark served as the control
ied batch,

LS o g iy 4a 81 (dad ageall ) 28L (o okl 3 50 4S a0l 2 6 ledi Joan 2
a5 ph e sl ale gt 3538 ¢33 Sl 458 il o333 € e ((353) NONE 31
O s 4 718 Can gy (Siay 03 gl yadidie 58.6 a8, L 1l ceC 5ol (L 154,10 b, IS
sl Ly el (935 4Bl L 48 80 315 a s3liid B YU GRC b 5 (sl 5 i
Ph S ool 52 48 28k (e (e miw 8 Ok 13 Gl ulial Culild Gla jlai o) 5a ol o
b S (S ) asad 31 5A uad 58 O CBC (rigad 5 23 3863 5.5 4kaly a3 50 iy
Q5L Bl sx sA 40 ) se Gy 5 IS Cann gy S i

Table 2. The effect of sulfur and pelletized dolomitic lime additions to pine
bark on substrate pH, EC (EC), and cation exchange capacity (CEC).

Rate EC CEC
Amendment (lh/_\':\rd“)" (mS-cm™')* pH (meq /100 g)*
Sulfur 1 0.26 4.08 bl.3
Sulfur - 0.31 4.02 50.0
~——agp Nonc 0 0.22 4.10 58.6
Dolomitic lime 4 0.20 4.71 56 .4
Dolomitic lime 8 0.24 5.78 58.3
Dolomitic lime 16 0.27 6.37 589
Rate response: Sulfur’ L* NS
Rate response: Lime g | e NS
LSDg.05" 0.062 0.063 NS

“11b/yd* = 0.5933 kgm™, 1 mS.cm™’ = 1 mmho/cm, 1 meq/100 g = 1 cmol-kg .

"Ns or L represent nonsignificant or linear rate response in the measured parameter, with
a significant response with P< 0.05 and 0.01, respectively.

“Fisher’s least significant difference, when a = 0.05.

* and ** representing
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Roots absorb oxygen from
air present in-between the soil particles
through the root hair.
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While Watering While Draining
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Drainage holes
PoT DEPTH
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Raise the soll level
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Air Porosity (% Volume)
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Pumice Stone
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What is the difference between 4las oS 1 Sl 5 (ardy g5 2 590 2
4503 S Y 2 S oy Gy Sl ) 8 llas 4 B Al z_~ ) ?pumice and scoria
_aq)i_“u e:uﬁ

Not to be Confused with Pumice

A vesicular igneous rock that is very similar to scoria is pumice. There
are a few differences that can be used to distinguish them. First is their
color. Scoria is almost always black or dark gray to reddish brown, while
pumice is almost always white to light gray to light tan. This color
difference is a result of their composition. Scoria forms from basaltic
magmas, while pumice forms from rhyolitic magmas - which usually
.contain more gas

Pumice has a much higher concentration of trapped bubbles - so many
that the walls between them are very thin. The vesicles in pumice
contain enough air that the rock will float on water. The thick walls of
.scoria make it heavy enough to sink

Finally, when observed closely with a hand lens, you can often see tiny
mineral crystals in scoria. However, close observation of pumice reveals
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a "glassy" texture similar to obsidian. Pumice consists mainly of glass
materials rather than mineral crystals. A "glass" is a noncrystalline
substance. In the case of pumice, it cooled so quickly that the atoms
.were unable to arrange themselves into ordered crystal structures
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Acacia 6.57.5
Apple 5.0-6.5
Arborvitae 6.0-8.0
Ash 6.0-8.0

Azalea 5.0-6.0
Barberry 6.0-8.0
Beech 6.0-7.0

Birch 5.0-6.0
Bougainvillea 4.5-5.5
Boxwood 6.5-7.5
Camellia 4.0-5.5
Cedar 6.0-7.0
Cherry 6.0-8.0
Cotoneaster 6.0-8.0
Crabapple 6.0-7.5
Cypress, bald 5.0-6.0
Deutzia 6.0-7.5
Dogwood 6.0-7.0
Douglas Fir 6.0-7.0
Eleagnus 6.0-8.0
Elder 6.0-8.0

Elm (Ulmus) 6.0-8.0
Eucalyptus 6.0-8.0
Euonymus 6.0-8.0
Euphorbia 5.5-6.5
Ficus 5.0-6.0

Ficus 5.0-6.0

Fir 5.0-6.0

Firethorn 6.0-8.0
Forsythia 6.0-8.0
Fuschia 6.0-8.0
Gardenia 5.5-6.5
Geranium 7.0-8.0
Ginkgo 6.0-8.0
Grape (Vitas) 6.0-8.0
Hawthorn 6.0-7.5
Hazelnut 6.0-7.0
Hickory 6.5-7.5
Holly (llex) 5.0-6.0

vy 7.0-8.0

Juniper 5.5-7.5
Lantana 5.5-7.0
Larch 5.5-6.5

Lemon 5.5-7.0

Lilac 6.0-8.0

Mimosa 5.0-7.0
Magnolia 5.0-6.0
Maple (Acer) 6.0-8.0
Mountain Laurel
(Kalmia)

5.0-8.0 Myrtle 6.5-7.5
Oak (Quercus) 5.0-7.0
Oleander 6.0-7.5
Orange 5.0-7.0
Oxalis 6.0-8.0

Pine (Pinus) 5.0-6.0
Podocarpus 5.0-6.5
Pomegranate 5.5-6.5
Poplar 6.0-8.0

Privet (Ligustrum) 6.0~
8.0

Prunus 6.0-8.0
Quince 6.0-7.5
Redbud 6.0-8.0
Rhododendron 5.0-6.0
Rose 6.0-8.0
Rosemary 5.0-6.0
Sage 6.0-8.0

Spirea 6,0-8.0

Spruce (Picea) 5.0-6.0
Sumac 6.0-8.0

Sweet Gum 6.0-7.0
Tamarix 6.0-8.0
Tuliptree 6.0-7.0
Viburnum 6.0-8.0
Willow (Salix) 6.0-8.0
Wisteria 6.0-8.0

Witch Hazel 6.0-7.0
Yew (Taxus) 5.5-7.0
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