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Abstract

Conformity assessment of drinking water quality test results, particularly under :
o . h -~ Keywords:
critical water supply conditions, requires decision rules approaches that protect Drinking Water
consumer health and_prevent unjustitied rejection of acceptable water sources. In Conformity
this study, conformity assessment and decision rules based on measurement onformity
uncertainty were investigated for the acceptance or rejection of Nitrate, ~Assessment, Decision
Turbldlt?]/, and pH test results in drinking water. These measurands were selected Rule, Measurement
due to their importance in water quality and their direct or indirect impacts on Uncertainty, Well
human _health. The primary objective of this research was to determine the Water
ﬁ_robablllty of conformity of test results with regulatory requirements and to '
ighlight the role of measurement uncertainty in reducing the risk of incorrect
decisions, especially when new water sources are introduced into the distribution
network. Nitrate, Turbldltg, and pH analyses were conducted in accordance with
the latest edition of the Standard Methods for the Examination of Water and
Wastewater. Measurement uncertainty was estimated s_eﬁarately for each
measurand, and conformity assessment was_performed with reference to the
permissible limits specified in the Iranian National Drinking Water Standard No.
1053. Based on these inputs, the probability of conformity for each test result was
calculated and used as the basis for acceptance or rejection decisions. The results
demonstrated that applying a decision rule based on measurement uncertainty can
significantly influencé conformity assessment outcomes for drinking water
quality parameters. The calculated £robablllt|es of conformity were 95% for
Nitrate, 90%_ for Turbidity, and 85% for pH, indicating ditferent levels of
decision confidence for the three measurands. These differences suggest that for
certain measurands-particularly Nitrate, which has a more direct impact on
human health-the risk of incorrect decision rules is higher, and measurement
uncertainty must be considered more rigorously when declaring conformity. The
findings further indicate that reliance solely on raw measurement results, without
incorporating measurement uncertainty, may lead to the incorrect acceptance of OPEN
unsafe water sources or the unjustified rejection of compliant ones. Overall, this s
study emphasizes that implementing a measurement uncertainty-based approach
in the conformity assessment of drinking water test results enables informed
decision rules with defined and acceptable risk levels. Adoption of this approach )
enhances decision accuracy, reduces risks to consumer health, prevents @ Received: Feb. 16, 2025
unnecessary rejection of acceptable water resources, and contributes to more = Revised: June 15,2025
efficient resource utilization and avoidance of unnecessary costs in water supply | Accepted: July 2, 2025
management systems.
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1. Introduction

One of the main challenges laboratories face
when reporting test results is making appropriate
decisions on whether to accept or reject those
results, a task that becomes especially critical
under sensitive or high-risk conditions. Unreliable
measurements increase the risk of incorrect
decisions and may result in financial losses,
health hazards, or legal consequences. Therefore,
the fundamental goal of any analytical
measurement is to generate consistent, reliable,
and accurate data (Stajkovic et al., 2021).

To meet this goal, test results are generally
expected to be produced by competent
laboratories operating in compliance with
ISO/IEC 17025. A key element in ensuring the
quality of reported results is conformity
assessment and the application of decision rules,
which have been introduced as mandatory
requirements in the latest revision of ISO/IEC
17025. Proper implementation of these concepts
can significantly reduce errors in test reports and
calibration certificates. Previous studies and
international guidance documents, particularly
those published by JCGM, provide a widely
accepted framework for analyzing consumer and
producer risks and for defining the role of
measurement uncertainty in setting decision
limits. Other studies have highlighted the
influence of errors and uncertainties in laboratory
data on water quality models, demonstrating a
clear link between data quality and conformity
assessment outcomes (Wu et al., 2022).

Furthermore, other studies showed that
appropriate reporting of measurement uncertainty
in accredited laboratories plays a crucial role in
the selection of decision rules and the
management  of  conformity-related  risks
(Bettencourt and Ricardo, 2024). Practical
guidance on decision rules and conformity
assessment has also been provided by EUROLAB
and WADA, covering various application
scenarios (Silva Riberio and Golze, 2017;
WADA, 2019).

In this study, a practical approach is proposed
to support sound decision-making for test results
that lie within standard limits but may be
considered  borderline  when  measurement
uncertainty is taken into account. Nitrate,
turbidity, and pH measurements in drinking water
were selected as case studies, and a clear
framework for acceptance or rejection of results
was developed based on measured values,
applicable standards, and associated measurement
uncertainties. This approach enables rational and
transparent decision-making while considering
both the importance of these parameters and the
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increasing constraints on water resources. One of
the main contributions of this study is the
presentation of an uncertainty-based decision rule
approach that can be readily applied in drinking
water testing. This framework may also be
extended to other water quality parameters and to
broader areas of laboratory measurement. The
findings are expected to improve quality control
practices, reduce costs related to unnecessary
sample rejection, increase confidence in
laboratory results, and ultimately enhance the
safety and quality of water resources used by the
community.

2. Materials and methods

The analysis for Nitrate, Turbidity, and pH in
drinking water was carried out in accordance with
the latest edition of the Standard Methods for the
Examination of Water and Wastewater.
Measurement uncertainty was estimated for each
measurand, and the conformity assessment was
performed with reference to the permissible limits
specified in the national drinking water standard
No. 1053.

3. Results and discussion

3.1. Uncertainty of measurement

The measurement uncertainty for nitrate,
turbidity, and pH measurands was estimated. The
initial list of identified factors, obtained through a
cause-and-effect  (fishbone)  diagram, was
reviewed and refined to eliminate redundant items
and to merge overlapping effects. This process
ensured that the final uncertainty model included
only distinct and relevant factors, thereby
preventing duplication or double evaluation of
identical uncertainty sources.

3.2.  Compliance

decision rules

The results of this study showed that application
of the decision rule based on measurement
uncertainty, can have a significant impact on the
outcome of the compliance assessment of water
quality parameters. The calculated compliance
probability values for Nitrate, Turbidity, and pH
were 95%, 90%, and 85%, respectively, which
indicates the difference in the level of decision
rule confidence for these three measurands. This
difference suggests that for some measurands,
particularly nitrate, the risk of incorrect decision
rule is higher and that measurement uncertainty
needs to be considered more carefully when
declaring compliance. These findings emphasize
that relying on measured values without
considering uncertainty can lead to the acceptance
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of inaccurate results or unjustified rejection of
healthy samples. Therefore, using an uncertainty-
based approach in the conformity assessment
system can improve decision accuracy, reduce
risks to consumer health, and prevent the wastage
of acceptable water resources.

4. Conclusion

It is recommended that the decision rule based on
measurement uncertainty be applied in the
process of assessing the conformity of drinking
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water test results. Implementing this approach
allows for a final decision to be made with a
specific and acceptable level of risk. In this way,
on the one hand, the health and safety of the
consumer is ensured and, on the other hand, the
unjustified rejection of safe and acceptable water
sources is prevented. Using this method, in
addition to improving accuracy in decision
making, will also result in optimal use of
resources and prevention of unnecessary costs.
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Table 1. The measured results of the investigated measurand in the test sample

Test Turbidity  Nitrate

sample (NTU) (mg/L)
1 Sample 1 7.58 0.80 39.80
2 Sample 2 7.59 4.35 42.20
3 Sample 3 7.25 1.70 44.60
4 Sample 4 6.80 0.90 47.30
5 Sample 5 8.40 2.30 49.40
6 Sample 6 7.80 1.30 50.40
7 Sample 7 8.10 1.70 52.50
8 Sample 8 7.59 3.72 56.40
9 Sample 9 7.74 3.40 60.20
10  Sample 10 7.41 9.85 70.00
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Table 2. Compliance assessment results and decision rule for Nitrate measurand

Test

Nitrate

Tolerance

Standard

Ro . . @ Decision
sample (mg/L) upper limit  uncertainty
1 Sample 1 39.80 50.00 1.99 100.00 Accept
2 Sample 2 42.20 50.00 211 99.99 Accept
3 Sample 3 44.60 50.00 2.23 99.23 Accept
4 Sample 4 47.30 50.00 2.37 87.32 Reject
5 Sample 5 49.40 50.00 2.47 59.60 Reject
6 Sample 6 50.40 50.00 2.52 43.69 Reject
7 Sample 7 52.50 50.00 2.63 17.05 Reject
8 Sample 8 56.40 50.00 2.82 1.16 Reject
9 Sample 9 60.20 50.00 3.01 0.04 Reject
10 Sample 10 70.00 50.00 3.50 0.00 Reject

Table 3. Compliance assessment results and decision rule for Turbidity measurand

Test Turbidity Tolerance Standard ..
Ro . . Pe Decision
sample (NTU) upper limit  uncertainty
1 Sample 1 0.80 1.00 0.02 100.00 Accept
2 Sample 2 4.35 1.00 0.13 0.00 Reject
3 Sample 3 1.70 1.00 0.05 0.00 Reject
4 Sample 4 0.90 1.00 0.03 99.99 Accept
5 Sample 5 2.30 1.00 0.07 0.00 Reject
6 Sample 6 1.30 1.00 0.04 0.00 Reject
7 Sample 7 1.70 1.00 0.05 0.00 Reject
8 Sample 8 3.72 1.00 0.11 0.00 Reject
9 Sample 9 3.40 1.00 0.10 0.00 Reject
10  Sample 10 9.85 1.00 0.30 0.00 Reject

Ol 2ld 1S 5 ¢ alb kS a3l & 5uS Sbul|

Sl e iS5 sl sy it o sbay Sy ol
O Sop s S Glesense eladl S eas 5l (S5
sab e S5 s aon 8 Bnin Las il sl as
b sl Y b SG (golslg 5w Sl slazal b 3Lkl Jlozo|
e g3l am m Calal pie Jlosl Ly 1S el &
Sioe s35ima 53 030311 ltia o5 w3l il 542 5 Jlozl aus s
ol 53 b e LI5S (9 ol amm sl LIS
Jlazml byl ol ol s ad aal s o Slel ) 4ot oy 50
Lladjl s bem samlas o Vo bl sl 205y
FIN ST ICE] DUNCHIN R VST S S L RIS A RPN ]

55 1S

Water and Wastewater

Vol. 36, No. 3, 2025

SeaNTU 15 F 51 i uls 5 aaUNTU usly ) 5l S b
I ©eaS Jlas) o sles cotlig olosle Slalas «pioen
Wl 55,8 s NTU w15 ) 51 S

S el O S slapas s o Fpan 5 (S T 25508
Sl ¥ 5l 5 e s3 55250 @"y’ 53 ol saimsglits
88U eIy of el Lo o508 il ol ol
320 0T (s Sen (S35 ain B S s s
{(Miranzadeh et al., 2011)

S So 310 ISl Ealsh e 03 ol 4 a5
Bldail Jlazst aSsls glas Olowlrn (a5 ool 53 O30S
FYG s Gl Sl 5 YU Sl Sls 15 51 5ol ol
el (5l 5l > )

VP F Ul ¥ o,les 8 000

.



A}

dx.doi.org/10.22093/wwj.2025.489323.3454

Obler 5 oLl ligs

PH 530313l (12 (5 Speraa 0536 5 Slail b5l ol =¥ Jgur
Table 4. Compliance assessment results and decision rule for pH measurand

Tolerance

Tolerance

Standard

Rtk PH lower limit ~ upper limit uncertainty Pe Decision
1 Sample 1 7.58 6.50 8.50 0.14 100.00 Accept
2 Sample 2 7.59 6.50 8.50 0.14 100.00 Accept
3 Sample 3 7.25 6.50 8.50 0.14 100.00 Accept
4 Sample 4 6.80 6.50 8.50 0.13 98.99 Accept
5 Sample 5 8.40 6.50 8.50 0.16 73.45 Reject
6 Sample 6 7.80 6.50 8.50 0.15 100.00 Accept
7 Sample 7 8.10 6.50 8.50 0.15 99.53 Accept
8 Sample 8 7.59 6.50 8.50 0.14 100.00 Accept
9 Sample 9 7.74 6.50 8.50 0.15 100.00 Accept
10 Sample 10 7.41 6.50 8.50 0.14 100.00 Accept
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