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A Study on the Water Quality
Characteristics and Availability of Rainwater
in Urban Areas
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Eun-joo Seok, Jung-eun Bae, Seul-bi Lee, Jong-cheol Yoon,
Jin-a Park, Hyun-jung Kim and Mok-young Lee

Abstract

We investigated the water quality of rainwater in urban areas to determine its
potential as drinking water, living water, or re-use water, and investigated the
connection between rainwater and atmospheric environmental conditions such as fine
dust, yellow dust, nitrous oxide, and sulfur oxides. Twenty-five to thirty-eight rainwater
quality characteristics were analyzed in Seoul, including ion substances, heavy metals,
general bacteria, pH, color, turbidity, and ammonia nitrogen. Analyse is of the
characteristics of first rainwater from four-story building rooftops, such as ionic
materials, heavy metals, and general bacteria. and of the six-point rainwater from the
acid rain measuring network were conducted. Analysis of the correlation between the
initial rainwater and the atmospheric environmental factors showed that the level of
pollution in atmospheric environmental conditions increased with the longer the
antecedent rainless hours. In addition, Pearson correlation analysis showed that
atmospheric fine dust is strongly correlated with ammonia nitrogen, ionic material,
chromaticity and heavy metals in early rainwater; thus, it is deemed that the utilization
range should be set depending on the atmospheric conditions when using rainwater. As
the rainfall continued, the concentration reduced by about 50 % compared to that in the
initial rainfall for most characteristics. Thus, if the initial rainwater is excluded,
rainwater utilization could become more ubiquitous. However, since microorganisms do
not have a clear tendency to reduce their concentration due to wash out, additional

treatment such as disinfection is deemed necessary. All general bacteria were
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exterminated under boiling conditions and decreased by more than 40% after filter

ionic substance and potassium

filtration. The concentration of ammonia nitrogen,

after filter

permanganate consumption was shown to decrease by more than 50%

filtration.

: rainwater, initial rainfall, rainwater quality, first flush
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Fig. 1. Stepwise rainwater collecting sampler on the roof of a four-story building in seoul.
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Table 1. Analysis Equipment

Equipment

Item

pH meter(Arion 3star, Thermo)

pH

Conductivity meter(Orion Star A325, Thermo)

Conductivity
Color & Turbidity

WA-22—K, Nippon Denshoku

Ion Chromatography(Metrohm 940, Metrohm)

Cl', NOsN, 80,2
NH,N

F,

CN

Continuous Flow Analyzer(SYNCA, BLTEC)

Phenol

Anionic surfactants

Cold Vapor/Atomic Absorption Spectrometry(RA-3420C, NIC)

He

Inductively coupled plasma mass spectrometry(iCAP RQ, Thermo)

Metals(Cr, Mn, Fe etc.)

Inductively coupled plasma(Leeman lab-US/DRE ICP, Leeman)

Ca, Mg, K, Na
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Table 2. The Concentration of first rainwater water quality

Item Unit Mean  Min.  Max. [tem Unit Mean Min. Max.
pH 5.7 3.9 8.3 K mg/L. 0.285 N.D. 2.912
EC #s/cm 45 1 458 Na mg/L. 0.955 N.D. 5.669
Color ° 2 0 7 B mg/L. 0.014 N.D. 0.060
Turbidity NTU 1.20  0.05  7.05 Al mg/L 0.0240 N.D. 0.3767
Total Colony Counts CFU/mL 398 9 2500 Cr mg/L. 0.0001 N.D. 0.0012
F mg/L 0.051 N.D. 0.269 Mn mg/L. 0.0101 N.D. 0.0850
Cl mg/L. 1.415 0.043 9.215 Fe mg/L  0.0108 N.D. 0.3488
NOs-N mg/L 1.227 0.048 4.451 Ni mg/L 0.0022 N.D. 0.0089
S04~2 mg/L. 3.730 0.212 14.638 Cu mg/L. 0.0029 N.D. 0.0205
NHsN mg/L. 1.505 0.034 5.150 Zn mg/L. 0.0275  0.0005  0.2211
KMnOy mg/L 3.6 1.2 6.2 As mg/L 0.0011 N.D. 0.0079
hardness mg/L 2.7 N.D. 7.0 Se mg/L. 0.0006  N.D. 0.0034
CN mg/L N.D. N.D. N.D. Sr mg/L. 0.0073  0.0002  0.0474
Phenol mg/L N.D. N.D. N.D. Mo mg/L  0.0002 N.D. 0.0008
ABS mg/L N.D. N.D. N.D Cd mg/L N.D. N.D. 0.0006
Hg mg/LL.  N.D. N.D. N.D. Sh mg/L. 0.0002  N.D. 0.0020
Ca mg/L. 1572 N.D. 14.116 Pb mg/L  0.0009 N.D. 0.0082
Mg mg/L. 0.087 N.D. 1.450 U mg/L N.D. N.D. 0.0001
Fol AHAS UEhia, HEs 9 S5 o= Ues
dFE, 9 22 o AddeE yshgd nAE 8 F ekl 9~2,500 CFU/mL
BEb FRsol e 09RAS FAS ul o He WA 712e] 4SH: 59RH NS
Az A8 5 7] vl sl sdddr 7 moH TERE Hiew FAVES 296
T8 At E Ao ddEn(1l). A, BRI =2 g dde B
dRUolddrs driv HlE § Meds o friedEd Aol e Aow Ut
Foohe quw mAGAL W AAAYl  FUFTIH RAYIITTS BHE 167
SR oM wjEE = AsAk wW77ks, 8 AR T U TN, 9 dEET S )
FAe, AEE, MR Bl el WATE A (899 7~98 AmdlN FEUAG. 4ol
oz dHA AH2). 7] HE AR °F 80%7F W2 AZIZE Hledgol Solsiths SHoAM o
Hew A7 0.5 mg/Le 238k 0.024~ AT HY 40~50%E AHAshE 1~94
5.150 mg/L M= yeht Z-s2k w77k wjE 2 e 80 83 A7IEa st o] Al
of B2 =A AGY 7] ¥ iyete] FFs  HlEY S gEsto &&sr] S
A B Aow ddEy F 339 o] Ak & sl Wi Aee derh 2ed Jlow Ad
o2, Fol&, FHUA BAN Be o Ay
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Table 3. Correlation of first rainwater and atmospheric environment factor

Rainfall Rainless’ pH  EC  Color Turbidty T_colony’ F Cl NO&N 805 NH-N KMnO, Hardness Ca Mg K Na B Al

Rainfall 1

Rainless” -0.124 1

pH 0081 -0080 1

EC -0.041  0.148  gg 1

Color =021 -0.046 -0.270 g1 1

Tubidty -0.113  -0.060 0230 0.107 0432 1

Tcolony' =0.102  -0.144 0080 -0.065 0.137 -0.083 1
F -0.114  245' 440" 833 ge4* 0071 0028 1
Cl -0.119  oe7 a7 75t 0306 0.068 0109 7m0 1

NO-N  -0.105 33" 370" 382" 5010 0.185  -0.021 g15* gegt 1

S0 <0131 55" et 242 m™ 0120 <0071 g a3t gma” 1

NH-N  -0.170  235' 0.151 0.189 7' 0.2 0.083  s51* 307 707" 702 1

KMnO;  -583° 0344 0.145 0450 0187 0370  sgp* 0357 0242 0506 0203 g7 1

Hardness -561" 0350 0.073 35" 0256 0262 0059 0171 0206 0288 0.208 0324 720" 1

Ca -0.072 0127 53" 833 -0.020 -0.231 0191 oo 713" 605" .823° gg 0406 v 1

Mg 0014 0004 o4 04" 5 S B0 g2zt AT gap 0087 ¢ £t 1
K <0004 2200 37" 270" 626" 0043 0231 g0 eg5T 625" B1T .08 ¢ i B ST T

Na  -0.007 242" 4g3" 447* 488" 0082 -0126 77 @10 7ag™ 754" g0g™ 0087 0383 7gr 7eet 712t 1
B8 -0.227  -0.021 0.088 0059 0454 0081 -0.048 94 0084 351 g2 0172 -0.080 0088 o7 0.175 59" 242* 1
Al -0.128 0079 0178 0154 s525' g5 -0.180 557" 468" 525" 543" 207" 0173 0247  4e5™ 253" 497" 408" 5100 1
Cr -0.189  0.040 -0.042 -0.085 0.114 0221 0217 243* 231° 0.186 g511* 43' 0040 0135 0161 0040 0.130 0177 0.082 418"
Mn -023  1gg 0176 43" eee™ 0087 0082 77 e06™ 506 .60s” ase 0338 0346 4p0" 228 577 548" 051 685"
Fa -0.124  -0.083 0.150 0.064 0412 g3" -0.155 373" 280" 240° 417" 199 0.172 0234 0.183 0142 0.157 92" 0130 gao"
Ni 0006  ge3* 0.144 g74 a2 08358 0411 0171 0.119 201 2060 252" 0.178 -0.000 0065 0042 207 .188* 0.082 -0.017
Cu -0.131  agr* 0058 0.166 530* 0235 0139 301" 208" 640" 510" 440" 0417 0264 g7 0092 544 421" 300" 420"
In  -0086 as" 0001 400" e21" 0082 0182 419" 435" 567" 483" aa0™ 0087 -0.111 00" -0.025 548 3p0" 263" 418"
As -0.136  -0.108 2gg* 0130 0346 0100 -0.040 geg 453" 613 707" 446" 0250 -0.142  5gg" 514" 451" 515" 473" 637"
Se =022 0080 g70* 2200 734" 0288 -0.020 g5y gpst 7o @se” 623" 0806 0.241  7m3* gget 544" 685" 356" 564"
& -0087 0085 406 267" 634" 0225 0007 g5p™ 728" 727t pe” 457" 0402 7t gmt 177 24" 763" 308" 553
Mo <0101 0180 48 417t 7ep* 0215 0088 7o 77et 7ot 7es” g7e™ 0270 0810 7mpt egs" 508" 845" 285" 408"
Cd -0.167 -0.180 -0.003 -0.002 sg7« 0.167 -0.060 0.174 0009 0.008 0.132 0067 -0.137 -0.051 -0.006 -0.066 0.012 -0.043 332" 512"
Sb -0082 0025 a4 0035 gsg" 0254 0020 706" 5ot 578" 726" 356" 0482 0.146 05" 525" 407" 535" 320" 586"
Po <0042 0160 201 0190 a5 0206 -0.103 476" 37 580" 24" 251 0.227 0284 u4" 516 400" 4070 331" 62"
1] 0040  -0.087 1g5 -0.064 ¢ € ©  30e" 0000 0.117 259t -0.027 ¢ & oor 220t 0186 0175 0018 0028
PMes  -0.040 44" -201" 0.051 0400 -0.078 -0.141 0170 0078 270" .234' .2g0" -0.480 -0.279 0.026 -0.020 0.112 0.078 0.120 0.140
PMe  -0.085 450 -0.082 0.180 0388 -0.100 -0.121 335" 232 a71™ 365" oo™ -0.300 -0.175 0144 0086 45 200" 0.100 291"
PMo  -0063 345 -0.143 0217 404' -0088 0427  g3ep° 0153 spr™ 454" 518" -0.974 -0.362 0211 0237 go5* 0280 geqt 0.225
NO. 0183 0160 0050 2go* 0311 -0.085 0.305 0.117 0.151 0.181 0.108 0.195 -0.411 -595° -0.016 -0.128 0.052 0.064 -0.162 -0.002
co 0015 0.058 0007 0165 -0.061 -0.091 -0.200 0.079 206' 0.116 0.048 -0.008 -0.166 -0.185 0.026 -0.044 0.060 0.088 -0.195 0.178
0, -0.087 -0.088 -0.056 -0.175 0.071 0.055 -0.189 0.031 -0.118 -0.006 0.050 -0.011 0.100 0182 0.068 0103 0.020 0.002 242* 0.016
80, -0002 290" 0102 4g3" 0357 0436 -0.161 0.164 3™ 0.101 0.110 0.112 -0.120 -0.147 0.087 0000 g2" 289" -0.177 0.016
TEMP  -0.045 g4 -501" -542" -0.170 -485" 0218 - 340" -.440" - 368" -.266™ -0.161 -0.021 0.084 - 207" - 263" - 286" - 495" 0.116 -0.128
HUM 0152  -0.083 -0.157 - 434 -0.101 0.133 0028 -274" -316™ -.226" -.200" -0.071 -0.511 - 740" -275" -0.180 - 218° - 366" 0.070 -0.093

* correlation is significant at the 0.05 lavel(2-tailed)

*+ corrslation is significant at the 0.01 level(2-talled)

Rainless* Antecadent rainless hours

T-Colony* Total Colony Counts
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Table 3. (Continued)

Cc M Fe N Cu ZIn As Se S Mo Cd Sb Po U PMyg PMy PMyy NO; CO O; SO, TEMP HUM

1

a1

433" st 1

-0.073 0.108 -0.080 1

2000 4120 0077 goar 1

0171 g21" 217" 357" g5g” 1

200" 603" 551" 0020 205 302 !

270" 584 age” 0110 404 ag a3t 1

277 6T 36T 0067 a7t 28" 713" amt 1

105" 5E4™ 260" 0.138 66 306" 567" .7R5" 748" 1

240" 575" ee4™ -0.136 0.023 330" 501" .105° 01588 Q124 1

283" 507 43" -0018 302 241" @13 801" 707" 5e0" 288" !

0106 agr 275 0088 sgg” 352" 465" 507 476 807 0.05¢ 4g5* 1

-0.164 0.081 -0.007 -0.008 -0.036 -0.157 21" 360" o0g™ 0.7 -0.088 247 241° 1

-0.024 2g6™ 0.015 317" 285" 240" -0.023 0.084 0.060 0.127 0.016 0.034 0.176 -0.066 1

0008 a7 202' 305" 318" 363" 0160 245 23° 5¢™ 0.185 0.168 o7 -0.057 gas* 1

0.062 ag3* -0.001 ag0° 512" 353 0.206 348 02683 g0 0.041 0155 g™ = g76™ 736 1

0177 234 -0.084 0.167 0.183 400" -0.171 -0.034 ~0.083 0.081 0.045 -0.113 0.073 -0.172 410" 365" 0251 1

-0.061 0.105 0.104 0.022 0.167 p30* -0.130 -0.056 -0.023 0.054 0.065 -0.080 514 -267" 254 264" 0.166 s5ga~ 1

0.119 -0.101 0.004 -0.040 -0.074 - 233 0.186 0.148 0.140 0.014 -0.113 0.111 0.044 0.146 -0.083 -0.028 361 - 641" -460" 1
-0.175 0.113 -0.020 307" 0.186 p52° -0.130 -0.013 0.050 0.180 -0.058 -0.106 0.010 - 271" 274" 477" 0227 41" 425" -g24° 1
0.145 =0.177 -0.013 - 262" -0.153 =0.103 -0.015 -0.153 - 285" - 413" 0.123 -0.034 -0.165 -0.030 -0.070 -0.137 -0.060 - 308" - 212" 0.148 _ g4 1
-0.148 -0.165 -0.044 -0.032 -0.082 -0.123 -0.158 -0.102 —223' - 240" -0.010 -0.118 -0.056 0.015 -0.064 - 263" -0.107 -0.015 -0.088 -0.157 - 205" 245" 1
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Table 4. Average concentration of first rainwater water quality by PM10 and PM2.5 grade

PM10 PM2.5
0~30ug/m® 31~80ug/m’  0~15ug/m® 16~35ug/m® 36~T75ug/m’
Unit =5 HE =5 HE LHE
Antecedent Rainless hours hr 92 166 70 168 194
pH 5.8 5.6 5.7 5.6 5.6
EC #s/cm 33 59 28 55 46
Color ° 1 2 1 2 -
Turbidity NTU 1.20(0.75%) 0.92 1.19(0.77%) 1.22 -
Total Colony Counts CFU/mL 423 307 401 388 -
F mg/L 0.037 0.065 0.040 0.058 0.081
Cl mg/L 1.180 1.641 1.271 1.534 2.015
NOs-N mg/L 0.932 1.544 0.936 1.396 1.951
SO42 mg/L 2.694 4.667 2.877 4.142 5.964
NHsN mg/L 1.120 1.814 1.162 1.589 2.434
KMnOs mg/L 3.8 2.4 3.8 2.8 -
hardness mg/L 2.9 1.7 2.9 1.9 -
Ca mg/L 1.202 1.997 1.373 1.635 2.363
Mg mg/L 0.061 0.122 0.080 0.089 0.121
K mg/L 0.157 0.400 0.187 0.367 0.325
Na mg/L 0.773 1.154 0.804 1.049 1.264
B mg/L 0.0130 0.0161 0.0137 0.0143 0.0178
Al mg/L 0.0150 0.0331 0.0189 0.0299 0.0259
Cr mg/L N.D. N.D. N.D. N.D. N.D.
Mn mg/L 0.0055 0.0142 0.0058 0.0134 0.0143
Fe mg/L 0.0070 0.0140 0.0086 0.0140 0.0070
Ni mg/L 0.0016 0.0027 0.0013 0.0026 0.0035
Cu mg/L 0.0019 0.0038 0.0021 0.0036 0.0029
Zn mg/L 0.0201 0.0349 0.0216 0.0329 0.0299
As mg/L 0.0009 0.0013 0.0012 0.0011 0.0010
Se mg/L N.D. 0.0007 N.D. 0.0006 0.0007
Sr mg/L 0.0055 0.0090 0.0062 0.0076 0.0100
Mo mg/L N.D. 0.0002 N.D. 0.0002 0.0003
Cd mg/L N.D. N.D. N.D. N.D. N.D.
Sb mg/L 0.0001 0.0002 0.0002 0.0002 0.0004
Pb mg/L N.D. 0.0012 N.D. 0.0011 0.0010
U mg/L N.D. N.D. N.D. N.D. N.D.

* Average concentration of turbidity except outlier on April fifth
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Table 5. Concentration of first rainwater quality of roof and Acid rainwater network sites

Roof of a four-story building

Acid rainwater network sites

[tem Unit Mean Min. Max. Mean Min. Max.
pH 5.5 4.3 8.3 5.7 3.9 8.3
EC ps/cm 22 4 458 50 1 458
F mg/L 0.033 N.D. 0.269 0.055 0.005 0.269
Cl mg/L 1.490 0.043 9.215 1.398 0.112 9.215

NOs-N mg/L 0.648 0.048 4.451 1.360 0.151 4.451

SO042 mg/L 2.127 0.212 14.638 4.099 0.401 14.638

NH4+N mg/L 0.835 0.167 5.150 1.652 0.034 5.150
Ca mg/L 0.741 N.D. 14.116 1.746 N.D. 14.116

Mg mg/L N.D. N.D. 1.450 0.106 N.D. 1.450
K mg/L 0.044 N.D. 2.912 0.335 N.D. 2.912
Na mg/L 0.571 N.D. 5.669 1.035 N.D. 5.669
B mg/L 0.0116 0.0004 0.0597 0.0147 0.0011 0.0565
Al mg/L 0.0356 0.0007 0.3767 0.0215 N.D. 0.1701
Cr mg/L N.D. N.D. 0.0012 N.D. N.D. 0.0008
Mn mg/L 0.0118 0.0003 0.0850 0.0098 N.D. 0.0544
Fe mg/L 0.0317 N.D. 0.3488 0.0062 N.D. 0.0458
Ni mg/L N.D. N.D. 0.0089 0.0026 N.D. 0.0089
Cu mg/L 0.0017 N.D. 0.0205 0.0032 N.D. 0.0205
Zn mg/L 0.0271 0.0014 0.2211 0.0276 0.0005 0.2211
As mg/L 0.0011 N.D. 0.0079 0.0011 N.D. 0.0066
Se mg/L N.D. N.D. 0.0034 0.0006 N.D. 0.0034
Sr mg/L 0.0044 0.0002 0.0474 0.0079 0.0004 0.0474
Mo mg/L N.D. N.D. 0.0008 0.0002 N.D. 0.0008
Cd mg/L 0.0001 N.D. 0.0006 N.D. N.D. N.D.
Sb mg/L 0.0002 N.D. 0.0020 0.0002 N.D. 0.0020
Pb mg/L N.D. N.D. 0.0082 0.0010 N.D. 0.0082
U mg/L N.D. N.D. N.D. N.D. N.D. N.D.
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Fig. 2. Box plots of rainwater quality items concentration by order.
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Table 6. The items concentration of rainwater in study site by order

ACC:laIiHrE‘LaﬁiOH oH Conductivity ~Color  Turbidity Totg})u(flczlsony F Ccl
(mm) (us/cm) ©) (NTU) (CFU/mL) (mg/L)  (mg/L)
Order qﬁ?l?tkymiaﬁ?rrd 5.8~8.5 <5 <1 <100 <15 =950
1 Mean 3.0 5.3 19 1 0.89 587 0.022 1.265
Min. 0.6 4.3 7 0 0.05 52 N.D. 0.105
Max. 5.4 6.2 28 3 2.25 2500 0.046 2.814
2 Mean 6.0 5.4 11 0 0.64 262 0.008 0.940
Min. 0.8 4.3 5 0 0.00 68 N.D. 0.069
Max. 10.8 6.7 21 1 1.98 770 0.032 2.535
3 Mean 9.3 5.6 9 0 0.63 362 0.001 1.033
Min. 2.4 5.0 4 0 0.00 41 N.D. 0.082
Max. 16.4 6.6 19 1 1.36 1850 0.005 2.582
4 Mean 12.9 5.8 7 0 0.37 233 0.002 0.928
Min. 3.4 5.0 4 0 0.01 63 N.D. 0.061
Max. 21.8 7.6 15 1 1.03 770 0.009 2.583
5  Mean 19.6 5.7 4 0 0.35 94 N.D. 1.267
Min. 14.0 5.2 2 0 0.00 40 N.D. 0.066
Max. 27.8 6.0 5 1 0.55 193 N.D. 2.503
6  Mean 22.7 5.6 4 0 0.41 96 N.D. 1.296
Min. 16.0 5.2 3 0 0.30 49 N.D. 0.065
Max. 33.8 5.9 6 0 0.51 197 N.D. 2.515
7 Mean 28.0 5.6 4 0 0.19 109 N.D. 0.914
Min. 19.8 5.2 2 0 0.10 46 N.D. 0.124
Max. 39.8 6.1 5 0 0.24 170 N.D. 2.489
8 45.8 5.3 4 1 0.00 44 N.D. 0.120
9 51.2 5.3 4 0 0.22 42 N.D. 0.094
10 58.0 6.9 18 1 0.32 104 0.006 0.709
11 64.8 5.4 5 0 0.26 205 N.D. 0.154
12 71.6 5.8 6 0 0.15 106 N.D. 0.090
13 78.4 5.8 6 1 0.07 53 N.D. 0.068
14 85.6 5.3 4 0 0.20 37 N.D. 0.061
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Table 6. (Continued)

NO:-N SO/  NH+N KMnO: Hardness Ca Mg K Na
(mg/L) (mg/L)  (mg/L) (mg/L)  (mg/L)  (mg/L) (mg/L) (mg/L) (mg/L)

Order <10 <200 <05 <10 <1000
1 Mean  0.419 1.427  0.687 3.9 2.9 1.222  ND. N.D. 0427
Min. 0.110 0.339  0.176 2.6 N.D. N.D. N.D. N.D. N.D.
Max. 0.845 2.902  1.440 6.2 7.0 3.035  N.D. N.D. 1.049
2 Mean  0.180 0.848  0.385 2.4 0.4 0.593  N.D. ND.  0.115
Min. 0.037 0.145  0.056 1.7 N.D. N.D. N.D. N.D. N.D.
Max. 0.365 1575 0.817 4.3 1.7 2517  N.D. N.D.  0.621
3 Mean  0.147 0.511  0.322 2.9 0.9 0.396  N.D. N.D. N.D.
Min. 0.049 0.154  0.082 1.3 N.D. N.D. N.D. N.D. N.D.
Max. 0.291 0.877  0.848 5.6 5.1 2.258  N.D. N.D. N.D.
4 Mean  0.121 0.424  0.279 2.6 0.3 0.221  N.D. N.D. N.D.
Min. 0.047 0.184  0.095 1.7 N.D. N.D. N.D. N.D. N.D.
Max. 0.227 1.093  0.857 4.7 1.7 1.329  N.D. N.D. N.D.
5 Mean  0.052 0.298  0.116 1.6 0.3 N.D. N.D. N.D. N.D.
Min. 0.043 0.106  0.089 1.2 N.D. N.D. N.D. N.D. N.D.
Max. 0.071 0.516  0.155 1.9 1.2 N.D. N.D. N.D. N.D.
6  Mean  0.065 0.333  0.330 1.8 0.3 N.D. N.D. N.D. N.D.
Min. 0.049 0.118  0.073 1.6 N.D. N.D. N.D. N.D. N.D.
Max. 0.097 0.511  0.990 2.1 1.1 N.D. N.D. N.D. N.D.
7 Mean  0.075 0.282  0.088 1.9 0.4 N.D. N.D. N.D. N.D.
Min. 0.033 0.090  0.070 1.2 N.D. N.D. N.D. N.D. N.D.
Max. 0.154 0.450  0.115 3.2 1.1 N.D. N.D. N.D. N.D.
8 0.031 0.262  0.056 1.6 N.D. N.D. N.D. N.D. N.D.
9 0.031 0.201  0.052 1.7 N.D. N.D. N.D. N.D. N.D.
10 0.146 1.257  0.344 2.9 4.4 2.016  N.D. ND.  0.685
11 0.048 0.390  0.102 1.6 1.0 N.D. N.D. N.D. N.D.
12 0.027 0.226  0.175 1.5 N.D. N.D. N.D. N.D. N.D.
13 0.021 0.169  0.113 1.4 N.D. 0.706  N.D. N.D. N.D.
14 0.021 0.152  0.096 1.4 N.D. N.D. N.D. N.D. N.D.
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Table 7. The concentration of rainwater water quality by treatment

Total

Treat Con.ductiv Color  Turbidity  Colony Total Fgcal F
meant Order  Type PH (u;;Zm) ) (NTU)  Counts ((3/011(1)%);15 ((j/oll(l)f(;)gﬁ? (mg/L)
(CFU/mL)

q?gl?g‘ymiaﬁfrrd 5.8~85 - <5 <1 <100  Negative  Negative <15
Raw 1 Sampler 5.2 12.9 N.D. 0.77 460 Negative Negative  0.026
2 5.8 6.3 N.D. 0.83 88 Negative Negative N.D.

3 5.7 3.6 N.D. 0.65 83 Negative Negative ~ N.D.

4 5.8 3.6 N.D. 0.45 85 Negative Negative N.D.

5 5.6 3.5 N.D. 0.55 68 Negative Negative N.D.

6 5.5 4.3 N.D. 0.40 49 Negative Negative N.D.

Whole  Glass 5.4 7.0 1 0.35 19 Negative Negative ~ N.D.
Boiling 1 Sampler 5.2 34.4 1 0.64 0 Negative Negative  0.032
2 5.7 36.8 1 0.75 0 Negative Negative N.D.

3 5.8 39.1 N.D 0.48 0 Negative Negative N.D.

4 5.9 36.6 1 0.35 0 Negative Negative ~ N.D.

5 5.9 26.8 2 0.32 0 Negative Negative N.D.

6 5.7 38.0 1 0.53 0 Negative Negative N.D.

Whole  Glass 5.4 46.5 4 0.64 0 Negative Negative  0.028
Filtration 1  Sampler 6.5 27.6 1 0.52 230 Negative Negative ~ N.D.
2 6.3 34.7 2 0.82 70 Negative Negative N.D.

3 6.2 20.1 2 0.64 54 Negative Negative N.D.

4 6.4 29.0 N.D 0.44 69 Negative Negative N.D.

5 6.3 30.3 1 0.46 43 Negative Negative ~ N.D.

6 6.5 47.3 3 0.90 16 Negative Negative N.D.

Whole  Glass 6.5 24.1 1 0.31 2 Negative Negative N.D.
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Table 7. (Continued)

Treat Con.d uctiv Color  Turbidity Crl;?(t)zrllly Total F‘ecal F
meant Order  Type pH ()(LSI;ZH]) ) (NTU) Counts ?/011(1)%);15? ((j/olléfggﬁ? (mg/L)
(CFU/mL)

qi:l?tkymsgtaﬁzgd 5.8~85 - <5 =1 =100 Negative Negative <15
Raw 1 Sampler 5.2 12.9 N.D. 0.77 460 Negative Negative  0.026
2 5.8 6.3 N.D. 0.83 88 Negative Negative ~ N.D.

3 5.7 3.6 N.D. 0.65 83 Negative Negative N.D.

4 5.8 3.6 N.D. 0.45 85 Negative Negative N.D.

5 5.6 3.5 N.D. 0.55 68 Negative Negative N.D.

6 5.5 4.3 N.D. 0.40 49 Negative Negative ~ N.D.

Whole  Glass 54 7.0 1 0.35 19 Negative Negative N.D.
Boiling 1 Sampler 5.2 34.4 1 0.64 0 Negative Negative  0.032
2 5.7 36.8 1 0.75 0 Negative Negative N.D.

3 5.8 39.1 N.D 0.48 0 Negative Negative ~ N.D.

4 5.9 36.6 1 0.35 0 Negative Negative N.D.

5 5.9 26.8 2 0.32 0 Negative Negative N.D.

6 5.7 38.0 1 0.53 0 Negative Negative N.D.

Whole  Glass 5.4 46.5 4 0.64 0 Negative Negative  0.028
Filtration 1  Sampler 6.5 27.6 1 0.52 230 Negative Negative N.D.
2 6.3 34.7 2 0.82 70 Negative Negative N.D.

3 6.2 20.1 2 0.64 54 Negative Negative N.D.

4 6.4 29.0 N.D 0.44 69 Negative Negative ~ N.D.

5 6.3 30.3 1 0.46 43 Negative Negative N.D.

6 6.5 47.3 3 0.90 16 Negative Negative N.D.

Whole  Glass 6.5 241 1 0.31 2 Negative Negative N.D.
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