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Effects of grain size and temperature on virus attachment onto quartz sand
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Virus transport in groundwater is controlled mainly by attachment onto the solid matrix
and inactivation. Therefore, understanding how the various parameters affect virus
attachment can lead to improved virus transport predictions and better health risk
evaluations. This study is focused on the attachment of viruses onto quartz sand under
batch experimental conditions. The bacteriophages ®X174 and MS2 were used as model
viruses. Three different sand grain sizes were employed for the static and dynamic
experiments. The batch sorption experiments were performed under static conditions at
4°C and 20°C and dynamic conditions at 4°C.

Meterials and Methods

Three different size distributions of quartz sand (Filcom Filterzand & Grind) were used in the
experiments:Fine quartz sand (FQS): with grain diameter ranging from 0.150 to 0.212 mm
(sieve No 70/100), medium quartz sand (MQS) with grain diameter ranging from 0.425 to
0.600 mm (sieve No. 30/40), and coarse quartz sand (CQS) with grain diameter ranging from

Virus attachment Theory

The concentration of viruses attached onto quartz sand in the
experimental tubes (C* [M /M.] in units of [pfu/(g sand)]) was
determined by the following equation:

Ccontrol —C-f (1)
Sm

where C [M,/L3] in units of [pfu/mL] is the aqueous phase virus
concentration in the experimental tube, [M,/L3] in units of
[pfu/mL] is the aqueous phase virus concentration in the
control tube, S_. [M_/L3] in units of [(g sand)/mL] is the mass of
quartz sand per unit volume of liquid in the experimental tube,
and f [-] is a correction factor defined as:
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Ccorrectd (t) C0 e_}\contmlt

C(t C,e M 2)

— eXp[_t()‘control — )\)]

8- 8_l _oc)
o s T <
5 Ol 5 Of 1 o
@4 o 4F 4 €
S | S @
2_ 2_- ‘5’
g O — I T T I Il.l T T T | 1
¢ ol oI ‘ it 19
6 | 60" 6-_ ar BB T <
8’4_ o 4f 10 10 >4 —.c'%
e, s - +
| 2t it 1t 10
O | | | | | | | | | | | | O :: : : : : ::: : : : : :
. or [ [ : 8T i i J&
o of ‘ I 1 o9 ‘ " 18
S 4r i 1r ] > 4| - 14} 1 8
S fe! I ©
2f - 1t y 2t - 1r 10
O RN I TR N TR I AR TR I T AR TR I O-' . . . .1.1.1.1--.1.1.1.1
o 2 4 6 80 2 4 6 80 2 4 6 8 0O 2 4 6 80 2 4 6 80 2 4 6 8

log Ceq log Ceq log Cg, log Cyq log Cqq

Fig.2: Log-transformed equilibrium data of ®X174 (green symbols) and MS2 (blue symbols) attachment onto three different size
distributions of quartz sand (FQS, MQS, and CQS), together with the fitted linearized Freundlich isotherms (lines).
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1.180 to 1.700 mm (sieve No. 12/16). where tcco;r.ected.(t)tLMv/ L] 15 thetccl)iret;:ted tagueoijscph?\;e/;-/;ru.s 1 Conditions| K. - R2 2 Conditions . m R2

: . . ncentration In X rnmen Im ] ic 4° N - Static 4°C| 2.06+0.63 | 0.85+0.04| 1.00

The bacteriophages ®X174 and MS2, were suspended and diluted in phosphate buffered| [“°N¢ENtreto c experimental tubes at time 1, L, [ v s B L E T A P T T | L8 el s ot 20°C| 3525035 10732005 0.98
- - -~ : the initial aqueous phase virus concentration, A [1/t] is the |y @ | Static 20€| 2.57£0.74 |0.91£0.02] 1. parameter  values  for 2 T e '

saline (PBS) solution (1.2 mM NaCl, 0.027 mM KCl, and 0.10 mM Na2HPO4) at pH=7 toyie . o - A - . | Dynamic 4°C[1.15:1.08[0.95£0.04] 1.00 | 0 0, Dynamic 4°C| 3.55:0.12 |0.89+0.17| 0.98

. . . . - Static 4°C| 0.14+0.57 11.03+0.04| 1.00 . Static 4°C| 1.54+0.31 |0.96+£0.12| 0.97

the desired bacteriophage concentration. Bacteriophage concentrations were measured by inactivation rate coe |c.:|ent ° ¢ e VITUSEs i the e.xperlmenta 5 S 30t 053039 co9:0 5 08 3| 5 [ statica0°C| 2.22¢0.21 [0.85:0.14] 0.96

using the Double-agar-|ayer assay method. tubes, and Acontrol [1/t] is the inactivation rate coeftficient of the © | ” | Dynamic 4°C|0.79+2.15[0.85+0.06] 0.99 | Table 2: Fitted Freudlich ” | Dynamic 4°C| 8.51+0.50 |0.85+0.07| 0.99

ock virus . : . : ; I I Static 4°C|0.30+0.25|0.93+0.11| 0.99 Static 4°C| 0.57+0.13 | 0.86+0.18 | 0.91

soutions Quartz sand Several virus stock solutions with concentrations ranging| |Virusesin the control tubes. 8 Mool 05022 Toscso 7T 099 | Do ametervaiues for MS2. 8 ™ static20°C] 2.12:0.25 [0.75:0.12] 0.96

N o f 3 8 f d f b h H d h 7 Dvnamic 4°C| 0.63+0.30 |0.94+0.10! 0.99 v Dynamic 4°C| 3.08+0.07 |0.79%0.20| 0.97

= from 10° to 10° pfu/mL were used for both static and the y

\%;;' L] === == <= dynamic experiments. Batch experiments were performed in ’SOth€’ m theory -
The virus attachment onto the quartz sand was quantified by

{_\\..._____ . 20-mL Pyrex glass screw-cap tubes. Each experiment

Conclusions

The experimental data were adequately described by the Freudlich isotherm. It was shown
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UH]]HHMUH UUUHHHUUU suspensions with sand and the other 15 tubes contained | |Virus concentration onto the solid phase at equilibrium,| that temperature significantly affects virus attachment under static cond!tlons. The attachment
COnt/r/o.tfé Cpemence: virus suspensions without sand. For the static batch [M,/M_] in units of [pfu/(g sand)], expressed as follows: of both MS2 and ®X174 ontf) quartz saer was g.gr.eater at ZQC than 4C. Higher virus attachment
(N // Y. e experiments, one set of DT EC e CZq _ Kfcg‘q 3) was observed under dynamic than static conditions, and in all cases, the affinity of MS2 for

quartz sand was greater than that of X174. Furthermore, in most of the cases considered,
bacteriophage attachment was shown to decrease with increasing quartz sand size.
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temperature dark room at 4 °C, and another one set was
placed in an incubator at 20 °C. The dynamic batch
experiment was performed with all the tubes attached to
* orbit) placed in the constant-

where K: is the Freundlich constant in units of [(mL)™/(g
sand)(pfu)™'], and m is the Freundlich exponent, which is equal
to one for linear attachment.
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