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1. Methods

Table S1. Fifty real greywater compositions for 20 water quality parameters, as reported in the literature. GW type indicates source,
which was any combination of showers (S), baths (B), or washbasins (WB). Values represent the mean measurement for each study;
except, GW #8 were the median measurement, GW #10, #29, and #30 were the midpoint, and GW#47 were single measurements.
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Table S2. Bench-scale coagulation jar test mixing conditions.

Mean velocity gradient,

Simulated process G (s Mixer speed (rpm) Mixing time (min)
Rapid mix 600 290 1.0
Flocculation 1 50 55 10
Flocculation 2 10 20 10
Sedimentation 0 0 30

2. Results
2.1. Bathroom Greywater Quality Comparison

Table S3. Distribution of water quality values expected for real bathroom greywater
composition, as determined from 49 different real bathroom greywater compositions reported in
the literature (Table S1). The SynGrey values were measures experimentally except shaded cells

which were calculated based on ingredients. SD is standard deviation.

Real Bathroom Greywater Composition

Parameter (distribution of values from literature data) SynGrey
Median 25th 75th n Mean£=SD
pH 7.47 7.22 7.62 35 7.43+0.29
Turbidity (NTU) 38.8 30.5 96.3 31 39+7
EC (uS/cm) 653 462 1100 20 779+18
TS (mg/L) 631 502 671 11 609
TSS (mg/L) 58 37.6 98.5 34 67+17
TDS (mg/L) 441 326 561 12 521
VSS (mg/L) 67.8 44.0 109 7.00 44+14
COD (mg/L) 184 112 346 42 159+34
TOC (mg/L) 46.5 40.3 64.6 14 54.9
TN (mg/L) 10.7 7.58 13.3 16 8.9
Ammonia (mg/L N) 2.7 1.0 72 17 3.6:0.3
Nitrate (mg/L N) 0.77 0.25 3.23 14 0.66
TP (mg/L P) 1 0.53 1.37 17 0.88
Phosphate (mg/LP)  0.66 0.19 3.03 14 0.48
SO4 (mg/L) 108 47.8 173 4 156
Ca (mg/L) 52.5 17.1 82.5 12 18
Mg (mg/L) 24.4 20.5 48.3 12 22
Cl (mg/L) 61.7 26.6 148 8 116
Na (mg/L) 108 89.3 131 12 91
K (mg/L) 6.65 5.79 18.7 9 6
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Figure S1. Comparison of synthetic greywater recipes with the 25" to 75™ percentile range of real bathroom greywaters (Table S3) for

20 water quality parameters. Citations for the mean values for each synthetic recipes were: New Synthetic (SynGrey), 1 =

43 _19 H_44
52_ 93_ s

4="* low concentration, 5= * high concentration, 6= **, 7= *’. For synthetic recipes 4 and 5, values for all ions, except nitrate and
phosphate, were calculated based on ingredients since they were not measured experimentally. For synthetic recipe 1, commercial
ingredients (shampoo, conditioner, etc.) are used, and an expect ranges of TSS, COD, etc. were given. This analysis used midpoints
from those ranges. *None of the other synthetic recipes reported values for this parameter.
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Table S4. Average values for the ratios of total chemical oxygen demand (COD) to soluble COD
(COD:sCOD) as reported for real bathroom greywaters in the literature (Table S1).

COD sCOD

GW# (mg/L) (mg/L) COD:sCOD

10 148 86 1.7

11 423 250 1.7

12 158 110 1.4

13 211 108 2.0

37 170 106 1.6

49 374 129 2.9
Median 1.9

COD (mg/L) | A +—— [ K ) |

0 150 300 450 600

0 6 12 18 24
TSS(mg/L) |—_@®  }—— x x »
| | |
0 100 200 300 400
Turbidity (NTU) | A—{OW [ —
| | |
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Key: Surface Residence Hall
y A Water o Greywater Il SynGrey Wastewater

Fig. S2. Boxplots of real bathroom greywater literature data for COD (n=42), ammonia (n=17),
TSS (n=34), and turbidity (n=31). Each boxplot has a different scale. Blue squares represent
means of SynGrey for COD (n=12), ammonia (n=15), TSS (n=7), turbidity (n=19), pH (n=26),
and phosphate (estimated). Red circles represent means of residence hall bathroom greywater for
COD (n=35), ammonia (n=19), TSS (n=8), and turbidity (n=77). Data for the other 16 water
quality parameters are in Table S3 and Figure S1.
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2.2. Total Chlorine Demand and Decay Kinetics

Table S5. Statistical comparison of total chlorine residuals (mg/L Cl,). There were 15 samples of
each greywater.

Time (hr) RH Greywater SynGrey p-value
0.5 12.5+4.6 16£1.4 0.48
1 10.5+4.6 12.7+1.4 0.60
2 8.24+4 10.8+1.6 0.56
4 6.5+3.6 7.7+1.5 0.77
8 4.5+2.7 6.3+1.5 0.55
24 29422 3.6+1.7 0.79
48 1.8+1.1 3.5+1.8 0.43
72 1.5+0.8 3.4+1.3 0.22
120 1.1+£0.5 2.1+1.3 0.46

Table S6. Chlorine demand values for both the RH Greywater and SynGrey. There were 15
samples of each water.

Chlorine demand RH Greywater SynGrey
1-hr Cl demand (mg/L Cl,) 30.4+4.6" 28.1+1.5%
24-hr Cl demand (mg/L Cl,) 37.7+2.2° 37.2+2.1°

In Table S7, outliers, identified graphically using normal probability plots, were omitted to
improve the normality of the data. The RH Greywater had one sample that was a statistical outlier,
with high total chlorine residuals at 8 to 48 hours. SynGrey had three samples that were outliers
due to low C,, values. All first-order chlorine decay model parameter values were statistically
similar between SynGrey and the RH Greywater whether or not these outliers were included in the
analysis (Table S7 and Table S2). However, omission of the outliers reduced the standard deviation

of the SynGrey C,, such that it was no longer statistically similar to the additional real bathroom
greywater value.*’

Table S7. Statistical similarity table of parameters of chlorine parallel first-order decay model,
with outliers omitted. Values are reported as mean + standard deviation. Same letters indicate
statistical similarity (p>0.05).

Model Parameter

Parallel First-order Decay Additional Real

RH Greywater SynGrey Bathroom Greywater

Number of samples 14 12 14
Immediate chlorine demand, Cw (mg/L) 23+6" 23427 9+2°
Fraction decaying rapidly, x (%) 76+14%" 70+12%" 34+6%"
Rapid decay rate, k1 (hr'") 1.1£0.9* 0.43+0.16" 1.3+0.4%
Slow decay rate, k2 (hr'") 0.016+0.011°  0.0093+0.085" 0.05+0.02°
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2.3. Bathroom Greywater Biodegradability
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Figure S3. All replicates of the SOUR experiment.

2.4. Bathroom Greywater Coagulation
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Figure S4. Total organic carbon (TOC) removal during alum coagulation for the RH Greywater
and SynGrey. Turbidity data is in Figure 5. TOC percent remaining is normalized by the control
(0 mg/L alum jar). Hollow and filled symbols indicate replicate samples of each greywater on

different days.
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Figure SS5. Alum coagulation of a deionized water solution with 49 mg/L yeast extract and 31
mg/L of sodium bicarbonate.

Turbidity in SynGrey rose steeply from an alum doses of 40 mg/L to 80 mg/L, and continued to
rise until the turbidity at 160 mg/L and 320 mg/L exceeded the turbidity at 0 mg/L by
approximately 8 NTU (Fig. 5a). The filtered turbidity at an alum dose of 20 mg/L was around
0.75 NTU and then at higher alum doses rose steadily to about 3.5 NTU at the 160 mg/L alum
dose (Fig. 5b). These rises in turbidity were greater than could be explained by charge reversal and
resuspension alone. To explain this phenomenon, experiments were run with individual ingredients
of SynGrey.

A solution was made of deionized water with 49 mg/L yeast extract (the same concentration as in
SynGrey) and 31 mg/L sodium bicarbonate to reach an alkalinity of 18 mg/L, approximately equal
to the alkalinity in the SynGrey. This solution was then dosed with alum (doses from 0 to 320
mg/L) and allowed to coagulate, flocculate, and settle with the same procedure and measurements
used for all other samples (e.g., Section 2.4.4 and Table S2). The effluent turbidity and filtered
turbidity rose steadily in response to the alum addition. This rise in turbidity is expected to be
caused by precipitation or complexation between the yeast extract and the alum. At the 320 mg/L
alum dose, the effluent turbidity of the coagulated yeast extract solution was 8.6 NTU, and the
filtered turbidity was 3.9 NTU. Based on these values, precipitate particles formed between the
yeast extract and the alum can account for the majority of the rise in filtered turbidity seen during
the SynGrey coagulation experiments. The rise in the total turbidity for SynGrey coagulation
appears to a combination the formation of these alum-yeast extract particles as well as charge
reversal and resuspension, which is expected to be mostly by kaolin. The modified SynGrey with
higher alkalinity had a much less steep rise in turbidity and filtered turbidity from 40 to 320 mg/L
alum doses (Fig. 5a and 5b), suggesting that high alkalinity can reduce or prevent this precipitation
phenomenon.

Page S9



References

1

WD W

~N

10

11
12
13
14

15
16

17
18

19

20

21

22
23
24

25
26
27
28
29
30

Y. Alfiya, O. Damti, A. Stoler-Katz, A. Zoubi, A. Shaviv and E. Friedler, Water Sci.
Technol., 2012, 65, 757-764.

M. . Almeida, D. Butler and E. Friedler, Urban Water, 1999, 1, 49-55.

A. D. Alsulaili and M. F. Hamoda, Water Sci. Technol., 2015, 72, 1973—1980.

R. Birks and S. Hills, Environ. Monit. Assess., 2007, 129, 61-69.

I. Bodnar, A. Szabolcsik, E. Baranyai, A. Uveges and N. Boros, Environ. Eng. Manag. J.,
2014, 13, 2717-2724.

Y. Boyjoo, M. Ang and V. Pareek, Int. J. Photoenergy, , DOI:10.1155/2012/578916.

K. Chaillou, C. Gérente, Y. Andres and D. Wolbert, Water. Air. Soil Pollut., 2011, 215,
31-42.

D. Christova-Boal, R. E. Eden, S. McFarlane, D. ChristovaBoal, R. E. Eden and S.
McFarlane, Desalination, 1996, 106, 391-397.

K. M. K. M. Ekeren, B. A. B. A. Hodgson, S. E. S. E. Sharvelle, S. K. De Long and S. K.
De Long, Desalin. Water Treat., 2016, 57, 1-13.

E. Eriksson, K. Auffarth, A. M. Eilersen, M. Henze and A. Ledin, Water SA4, 2003, 29,
135-146.

E. Friedler, Environ. Technol., 2004, 25, 997-1008.

E. Friedler, R. Kovalio and N. 1. Galil, Water Sci. Technol., 2005, 51, 187-194.

D. M. Ghaitidak and K. D. Yadav, Desalin. Water Treat., 2015, 54, 2410-2421.

A. M. Ghrair, O. A. Al-Mashagbeh and S. B. Megdal, Clean - Soil, Air, Water, 2015, 43,
351-359.

M. Gual, A. Moia and J. G. March, Desalination, 2008, 219, 81-88.

F. Hourlier, A. Massé, P. Jaouen, A. Lakel, C. Gérente, C. Faur and P. Le Cloirec, Water
Sci. Technol., 2010, 62, 1544—1550.

A. Jamrah, A. Al-Omari, L. Al-Qasem and N. A. Ghani, Water Int., 2006, 31, 210-220.
A. Jamrah, A. Al-Futaisi, S. Prathapar and A. Al Harrasi, Environ. Monit. Assess., 2008,
137, 315-327.

B. Jefferson, J. E. Burgess, A. Pichon, J. Harkness and S. J. Judd, Water Res., 2001, 35,
2702-2710.

B. Jefferson, A. L. Laine, T. Stephenson and S. J. Judd, Water Sci. Technol., 2001, 43,
211-218.

B. Jefferson, A. Palmer, P. Jeffrey, R. Stuetz and S. Judd, Water Sci. Technol., 2004, 50,
157-164.

J. Laaffat, N. Ouazzani and L. Mandi, Process Saf. Environ. Prot., 2015, 95, 86-92.

M. Lamine, L. Bousselmi and A. Ghrabi, Desalination, 2007, 215, 127-132.

Y. Maiga, D. Moyenga, B. C. Nikiema, K. Ushijima, a H. Maiga and N. Funamizu,
Environ. Technol., 2014, 35, 3020-7.

J. G. March and M. Gual, Water Environ. Res., 2007, 79, 828-32.

J. G. March, M. Gual and F. Orozco, Desalination, 2004, 164, 241-247.

C. Merz, R. Scheumann, B. El Hamouri and M. Kraume, Desalination, 2007, 215, 37-43.
E. Nolde, Urban Water, 1999, 1, 275-284.

Y. M. Patil and G. R. Munavalli, Ecol. Eng., 2016, 95, 492—-500.

M. Pidou, L. Avery, T. Stephenson, P. Jeffrey, S. A. Parsons, S. Liu, F. A. Memon and B.
Jefferson, Chemosphere, 2008, 71, 147-155.

Page S10



31

32
33
34

35
36

37
38
39

40

41
42
43
44

45
46
47

S. A. Prathapar, A. Jamrah, M. Ahmed, S. Al Adawi, S. Al Sidairi and A. Al Harassi,
Desalination, 2005, 186, 177—186.

G. Ramon, M. Green, R. Semiat and C. Dosoretz, Desalination, 2004, 170, 241-250.

Z. Ronen, A. Guerrero and A. Gross, Chemosphere, 2010, 78, 61-65.

C. Santasmasas, M. Rovira, F. Clarens and C. Valderrama, Resour. Conserv. Recycl.,
2013, 72, 102-107.

C. Santos, F. Taveira-Pinto, C. Y. Cheng and D. Leite, Desalination, 2012, 285, 301-305.
N. Shamabadi, H. Bakhtiari, N. Kochakian and M. Farahani, Energy Procedia, 2015, 74,
1337-1346.

S. Surendran and A. D. Wheatley, Water Environ. J., 1998, 12, 406—413.

X.Y. Teh, P. E. Poh, D. Gouwanda and M. N. Chong, J. Clean. Prod., 2015, 99, 305-311.
G. P. Winward, L. M. Avery, R. Frazer-Williams, M. Pidou, P. Jeffrey, T. Stephenson and
B. Jefferson, Ecol. Eng., 2008, 32, 187-197.

G. P. Winward, L. M. Avery, T. Stephenson and B. Jefferson, Water Res., 2008, 42, 483—
491.

M. A. Lopez-Zavala, Water Sci. Technol., 2007, 55, 39-45.

M. S. Zipf, I. G. Pinheiro and M. G. Conegero, J. Environ. Manage., 2016, 176, 119—127.
NSF International, 2010, 12.

F. Hourlier, A. Masse, P. Jaouen, A. Lakel, C. Gerente, C. Faur and P. Le Cloirec,
Environ. Technol., 2010, 31, 215-223.

S. N. Abed and M. Scholz, Environ. Technol., 2016, 37, 1631-1646.

F. Nazim and V. Meera, Bonfring Int. J. Ind. Eng. Manag. Sci., 2013, 3, 111-117.

J. G. March and M. Gual, Desalination, 2009, 249, 317-322.

Page S11



