Lafayette College
Department of Civil and Environmental Engineering

CE 321: Introduction to Environmental Engineering and Science Fall 2019

Homework #9
Due: Friday, 11/15/19
SOLUTIONS

1) Differentiate between water quality regulations and drinking water regulations. Briefly
review the evolution of the water quality regulations in the United States.

2) A water sample is found to contain the following:
pH=28.2
Na' =14 mg/L
Ca™ =15 mg/L
Mg"? =12 mg/L
Sr? =2 mg/L
K"=13 mg/L
HCO3 =80 mg/L
NO3 =9 mg/L
Cl'=28 mg/L
SO4?2 =45 mg/L
What is the TDS, conductivity, and alkalinity of this sample. Express your alkalinity result
as mg/L of CaCO:s.

3) A water treatment plant has reported that a TC test has come up positive (20 colonies
counted). What does this mean and what do the technicians need to do? Explain you answer
in detail, including an explanation of the reported 20 colonies.

4) Jerome Thumbly, a new C.E. student at Lafayette, has conducted a solids test on a water
sample. From his data find the TOTAL FILTERABLE SOLIDS of the sample.

Test No. 1 (Total Solids Data):
Sample = 500 ml.
Tare wt. = 18428 g
weight @ 105°C =18.947 g
weight @ 550°C =18.928 g

Test No. 2 (Suspended Solids Data):
Sample = 500 ml.
Tare wt. = 17.921 g (Gooch crucible w/fritted glass disk)
weight @ 105°C=18.243 g
weight @ 550°C =18.238 g

5) What is the drinking water standard for turbidity based on the most current EPA drinking
water regulations (include the web-page information). — Provide information from CFR.
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1. Differentiate between water quality regulations and drinking water regulations. Briefly
review the evolution of the water quality regulations in the United States

There are many differences between water quality regulations and drinking water
regulations. Water quality regulations protects the water that has been used by humans,
which is then cleaned by a wastewater treatment plant and then released back into a river
These regulations are different than the ones in place for the water that people drink,
which are covered by the drinking water regulations.

Physicians, like John Snow, discovered early in 1854 that water could cause
illness to its drinkers if not treated corrected. It wasn’t until 1912, however, that the first
water treatment was mandated, requiring filtering and chlorination at all water treatment
plants on the federal level. After the Public Health Service Act in the early 1900s there
was break in any legislation until the 1970s, where they established a maximum
containment level of hazardous substances and then ten years later they started instigating
lead free pipes. Now environmental engineers are much more vigilant about the quality of
water and regulations are constantly getting updated.

Unlike drinking water regulations, water quality regulations were not created until
many years later. Society had very few concerns about the quality of water that they were
not drinking so no one paid attention certain rivers. I wasn’t until the ships could not
move in New York Harbor that people started realizing the effects of their actions. In
1899 people were no longer to dump solid waste into rivers or harbors, but it wasn’t until
1924 people started thinking about wastewater treatments plants. Finally in 1972 the
Water Pollution Control Act was written that put much more money into wastewater
treatments plants. Slowly the US government revised and added amendments to the act,

which has formed it to the value that it is today.
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3. A water treatment plant has reported that a TC test has come up positive (20 colonies
counted). What does this mean and what do the technicians need to do? Explain you
answer in detail, including an explanation of the reported 20 colonies.

Indicator organisms, such as coliforms are used to indirectly test for the possibility that
pathogens (disease causing agents) may be present in a sample of water. An ideal
indicator organism should be able to survive under a greater variety of conditions than the
pathogen it is being used to test for so that it will always be present when the pathogen is
present. As a result, the presence of the indicator does not imply that the pathogen is
present, but merely the possibility that it is present.

When we report coliforms we report as “# of Colonies/100 ml of sample”, therefore 20
colonies in a Total Coliform (TC) test refers to “20 Colonies/100 ml”. The EPA
recommends a Total Coliform count of zero for drinking water. The standard mandated
by the EPA is slightly less strict:

No more than 5.0% samples total coliform-positive in a month. (For water
systems that collect fewer than 40 routine samples per month, no more
than one sample can be total coliform-positive per month.) Every sample
that has total coliform must be analyzed for either fecal coliforms or E.
coli if two consecutive TC-positive samples, and one is also positive for
E.coli fecal coliforms, system has an acute MCL violation.

— (http://water.epa.gov/drink/contaminants/index.cfm#4)

In order to more accurately determine if pathogens are in fact present in the water, more
extensive testing should be done, beginning with Fecal Coliform (FC) Tests and
additional Total Coliform Tests. This will also help the plant to comply with the EPA’s
standards.

If this was a sample of the Plant’s effluent, a boil-water-notice should be issued (as a
precaution, and for legal reasons), and a serious investigation should be conducted to
determine why the plant’s chlorination system is not functioning properly. If the sample
was taken from the plant’s influent, the technicians should test the plant’s effluent.
Presumably, the plant was designed to remove coliforms from the water. If these
coliforms are not being removed, then the plant may need to be redesigned to meet the
EPA’s specifications. For example, they might need to increase the length of their
Clearwell or use more chlorine.



= National " Brand

COLEMMN | CE 52 -0) |
[ ~HW Hoq - /18716

L,
G_I. VEM JEeome THovely, A NEW C.E. STUDENT AT LAENETTE,
HAS CONDUCTED A SOLT0S TEST N A WATER SAVWAE.

SANPLE = SOOmL
TRE wT, = 18,4189

WESSHT@los°e = 18, cma,
WETSHTER0C =1 qwc}

TEST No. 2 (SUSENCED SoLgos phe)

SAWLE = SComL

L TPHE WT, = [192)g (GO0, CRICSBLE)
WCIG"H, [OSOC 2

WETGHT@SSAT. = B 1389

F IND. THE TOTAL FTLIERRBLE SOLIDS .
. BW-pgd( = (s 164290

| O, S L
SO\.UTIO\V .- SF’”’C‘E’ =
looo 9

OVEN > ToNTTE

| 105} jo T 5| S30%C
l PILTEARLE SOLIDS DATK ( Ti:é )
; NS=T8 -TF§

g Ne = 58 3
nantms?)
Sgswwson"lifgt .& \ P’T—" ‘fl_

= m
5§ = GYu'L - _
0S¢ 180°C

Colia

,//FS N Tﬂ




Koty Delsenas 06 3

tNE B I\WH -
4, Prodon’ A Stdoud tos. conducded o0 SONdA St o o woktar
e .
Emnd: The tofold flkcose. OIIA of ta sample.
%‘_‘X’“@@%“)’;&% %?\fb = 031 (6o (0. | 4 4.

e @ 096 =2 18.4419  wagt@) b5c =18, 443
ICIEN S%0% = 18. 489, L\)U%u SN \a..aa%_

Soidias: Fluo Chae an net paog..

QO TorL oidy (TS):
Ml%h*@_l(_)ﬁ"b‘"ﬁlmud' —2 18.24 —\a.qaibcs= 0.5\6\%

515““% - 1038my |
os5L7 ~ "
@) TOBR Fixed OUdA (TES) |
weignt @ 950 — Tare bk —> 18,930~ |6A3&3= 0.500%
= ' 1000 m(bll-
AHL

®) Toral voladie 0l1ds (TVS): | _
_ TotaX Sonaa (T9) ~ Toud Fued uda(TES) > 1058 M- I000M._*

= 38 Wk

® Sspndd Ditds (SS)

ot @ ©S%C $3) —Tare Wt (S3) = 18-2839 — M. 4alg = 0.333
= 22 . o4 MIL ) ) ¥
0,51k

® RAherope Souds. (£5):
Towd ids — Sugeuded Saea—> 103BmL — GH M) o
= | 304 Mgl

© Fixed S\)sxemdm\ Sohda (Es3)
*—

Wt @, 550% (S9) ~0Tm9. Wr(S3) = \6.;383—\1.°\A\03=©.3ﬂod_
= _3D..m - 34 -
I i o

@ volofiw s-sgwsm Sonds (VsSS)
S\Svamu d %\&%I— Fied %.G\aewzc\ D~ GHY Mo~ 63H M=
+ (18




Ko, Defsexex (€ 3al
\‘\NL;\* 2 ninin

4, (orvhnued ) *

VOlihles Fiterobe Sohds(Ws)= |
Totag Volakile 3,3‘;;‘? — \bloch(e Sspuced Tda > 38™|e =~ ML =
20"

foed FRdd Sohda (T€S)
s Toff\ﬂ fixed Sc;)’l,\d&( - }f\ud S\Bpmuvl Dhds. > I@eO'“ﬁL‘(nW‘?L-—'

ool AHOone SOnda: ‘5@‘1 “‘9"‘
|




Total Solids Worksheet

KCotny DM CE 3.
R ¥ B

| i
Total Solids Data G
10 $°C OV
SP <

Filterable Solids Data

F e
r - 1L.OUMA ?
10 5% 108°¢




Kara Rosenthal CE 321-02
HW #9 11/18/16
Sheet 5 of 6

5) What is the drinking water standard for turbidity based on the most current EPA drinking
water regulations (including the web-page information). Provide information from CFR.

According to the EPA, “Turbidity is a measure of the cloudiness of water. It is used to
indicate water quality and filtration effectiveness (e.g., whether disease-causing organisms are
present). Higher turbidity levels are often associated with higher levels of disease causing
microorganisms such as viruses, parasites and some bacteria. These organisms can cause short
term symptoms such as nausea, cramps, diarrhea, and associated headaches.”

The EPA states that for turbidity, “for systems that use conventional or direct filtration, at
no time can turbidity (cloudiness of water) go higher than 1 Nephelometric Turbidity Unit
(NTU), and sample for turbidity must be less than or equal to 0.3 NTUs in at least 95 percent of
the samples in any month. Systems that use filtration other than the conventional or direct
filtration must follow states limits, which must include turbidity at no time exceeding 5 NTUs.”

(https://www.epa.gov/sites/production/files/2016-06/documents/npwdr_complete_table.pdf)

The CFR or Code of Federal Regulations states that the National Primary Drinking Water
Regulations are in Part 141 (http://www.ecfr.gov/cgi-bin/text-
idx?S1D=ad{c892d281b0d80234db91adcac5724& me=true&node=se40.25.14] 113&rgn=div8):

§ 141.13 Maximum contaminant levels for turbidity.

The maximum contaminant levels for turbidity are applicable to both community water systems
and non-community water systems using surface water sources in whole or in part, The
maximum contaminant levels for turbidity in drinking water, measured at a representative entry
point(s) to the distribution system, are:

(a) One turbidity unit (TU), as determined by a monthly average pursuant to § 141.22, except
that five or fewer turbidity units may be allowed if the supplier of water can demonstrate to the
State that the higher turbidity does not do any of the following:

(1) Interfere with disinfection;

(2) Prevent maintenance of an effective disinfectant agent throughout the distribution system; or
(3) Interfere with microbiological determinations.

(b) Five turbidity units based on an average for two consecutive days pursuant to § 141.22.

[40 FR 39570, Dec. 24, 1975]

Editorial Note:

At 54 FR 27527, June 29, 1989, § 141.13 was amended by adding introductory text; however,
the amendmenthld not be incorporated because introductory text already exists.
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For reference:

§ 141.22 Turbidity sampling and analytical requirements.

The requirements in this section apply to unfiltered systems until December 30, 1991, unless the
State has determined prior to that date, in writing pursuant to section 1412(b)(7)(iii), that
filtration is required. The requirements in this section apply to filtered systems until June 29,
1993. The requirements in this section apply to unfiltered systems that the State has determined,

- in writing pursuant to section 1412(b)(7)(C)(iii), must install filtration, until June 29, 1993, or
until filtration is installed, whichever is later,

(a) Samples shall be taken by suppliers of water for both community and non-community water
systems at a representative entry point(s) to the water distribution system at least once per day,
for the purposes of making turbidity measurements to determine compliance with § 141.13. If the
State determines that a reduced sampling frequency in a non-community will not pose a risk to
public health, it can reduce the required sampling frequency. The option of reducing the turbidity
frequency shall be permitted only in those public water systems that practice disinfection and
which maintain an active residual disinfectant in the distribution system, and in those cases
where the State has indicated in writing that no unreasonable risk to health existed under the
circumstances of this option. Turbidity measurements shall be made as directed in §
141.74(a)(1).

(b) If the result of a turbidity analysis indicates that the maximum allowable limit has been
exceeded, the sampling and measurement shall be confirmed by resampling as soon as
practicable and preferably within one hour. If the repeat sample confirms that the maximum
allowable limit has been exceeded, the supplier of water shall report to the State within 48 hours.
The repeat sample shall be the sample used for the purpose of calculating the monthly average. If
the monthly average of the daily samples exceeds the maximum allowable limit, or if the average
of two samples taken on consecutive days exceeds 5 TU, the supplier of water shall report to the
State and notify the public as directed in § 141.31 and subpart Q.

(c) Sampling for non-community water systems shall begin within two years after the effective
date of this part.

(d) The requirements of this § 141.22 shall apply only to public water systems which use water
obtained in whole or in part from surface sources.

() The State has the authority to determine compliance or initiate enforcement action based
upon analytical results or other information compiled by their sanctioned representatives and
agencies.

[40 FR 59570, Dec. 24, 1975, as amended at 45 FR 57344, Aug. 27, 1980; 47 FR 8998, Mar. 3,
1982; 47 FR 10998, Mar. 12, 1982; 54 FR 27527, June 29, 1989; 59 FR 62466, Dec. 5, 1994; 63
FR 26022, May 4, 2000]
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