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Introduction 
In the digital era, when unlimited volumes of data are generated 
and kept, the issue of confidentiality and the safety of private 
information is of the utmost importance [1]. One of the major 
security challenges organizations face is that Social Security 
Number (SNS) and personally identifiable information (PII) are 
regularly exposed in log files, which are usually unnoticed in 
traditional security measures. This article highlights the urgency 
of the SSN and PII information exposure by the logs, taking into 
account the applications utilized by the organizations to enhance 
customer experience, for instance, Tealeaf, Glassbox, and Splunk.

With the majority of logs revealed to contain information 
containing SSN and PII, companies handling large-size workforces 
comprising a mix of full-time employees and contractors, including 
global offshore contractors, run a great risk of leaving themselves 
vulnerable [2]. Access to over 10 thousand persons leads to a 
complicated and realistic process of manually identifying fields 
within logs that demonstrate PII-sensitive data. The old techniques 
of log monitoring could be more efficient in responding to this 
challenge. Thus, robust monitoring tools and data analytics 
solutions are crucial.

Literature Review 
Research on the SSN and the person identification number (PII) 
extracted from logs indicates the broad base of this problem 
and the devastating losses that are a side effect of this problem 
with individuals and organizations [3]. Data breaches may be 
the first item on the concern list. Still, the erroneous sharing of 
secure information like SSNs and PII can lead to more serious 
consequences such as identity theft, financial fraud and reputational 
damage.

One of the organization’s main issues is that many log data come 
from different sources. Codifying personal details using a manual 
method is unacceptable, and it is easy to make several mistakes 
[4]. Traditional monitoring systems usually cannot keep up with 
the increasing complexity and scale of modern IT infrastructure, 
leaving organizations open to undetected data leaks and possible 
cyber-attacks [2].

Figure 1: PII Management Cycle

In contrast to these obstacles, analysts recommend implementing 
state-of-the-art alert systems with AI-based analytics. These tools 
utilize machine learning algorithms for self-learning purposes 
that can shortly enable the detection of log files with signs of PII 
and SSN data exposure [5]. The introduction of smart analytics 
for dealing with big data in real time allows companies to detect 
and neutralize incipient security risks, thus helping them prevent 
their critical data from being breached [1].

Moreover, key data security practices such as data masking, 
encryption, and access controls are the fundamental building 
blocks of a complete data security plan that keeps the SSN and 
PII data safe in the logs [6]. Data masking techniques include 
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obfuscating the data by encrypting and rendering it unreadable 
but allowing those with authorization to view the data to read it 
as they normally would. With encryption and access controls, 
however, organizations can control who has access to the data 
based on pre-defined permissions, thus protecting data in motion 
and at rest [7].

Some other works have also looked at the application of 
technologies like differential privacy that can be used to un-
identify private information from logs. Differential privacy is a 
method of offering privacy to statistical databases by introducing 
noise to the responses of queries [8]. It has been applied in various 
domains, from publishing census data to machine learning to 
balancing privacy and utility. Some recent work has also proposed 
differentially private algorithms for log and event streaming data 
that can be useful in reducing the risk of PII leakage through 
auditing and analysis [9].

One way to maintain privacy and confidentiality is data 
anonymization. K-anonymity and l-diversity are formal 
anonymization techniques that attempt to make attribute 
linkage easier and provide reidentification protection if external 
information is merged with the anonymized data [10]. Researchers 
have investigated how these concepts could extend to sequential 
data typically found in logs and suggested methods like 
generalization and suppression to achieve appropriate anonymity 
while preserving log utility [11]. Continued research on privacy-
enhancing technologies may yield solutions that help mitigate 
PII risks in system logs.

Monitoring Tools Impacted 
The impact of PII and SSN leakage inculcates a number of tools that 
augment customer experience and manage system infrastructure 
[4]. Tools used in different industries, such as Tealeaf, Glassbox, 
and Splunk, may also expose the risk of unauthorized access to 
confidential data.

Figure 2: Splunk App for Fraud Analytics

While Tealeaf and Glassbox are well-known for their strong 
feature in customer experience management and session replay, 
they inadvertently also capture and store user interactions and 
sensitive data like SSNs and PII. Although these tools make it 
easy to collect user behaviour data and website performance 
stats, the fact that any user session is logged indiscriminately 
means users’ privacy is at risk, and there is a higher chance that 
information is exposed.

In the same way, Splunk, the leading system for collecting, indexing, 
and analyzing machine-generated data, such as logs, also suffers 
from challenges posed by the security of confidential data within 
its large repositories [12]. Due to Splunk’s prevalence in security 
monitoring, compliance, and IT operations, irresponsible data 
protection endangers regulatory bodies, which are consequently 
established by reputational damage.

Figure 3: Splunk Products

A wide array of monitoring tools and challenges that arise from 
managing access for thousands of people, including employees, 
contractors, and offshore teams, have resulted in a higher possibility 
of SSN and PII exposure in the logs [3]. Furthermore, the amount 
of data handled by such tools makes manual identification of 
exposed information tremendously hard, demanding automated 
systems and systems measures to mitigate the risks adequately 
[13].

These customer experience and monitoring tools collect huge 
amounts of data from various sources daily. For example, a 
medium-sized company using these tools could generate terabytes 
of daily log data [6]. With the scale and complexity of modern IT 
environments, it becomes incredibly difficult for security teams to 
manually inspect this volume of data and identify any PII that may 
have been inadvertently captured. This difficulty is compounded 
when access must be provided to the various employee groups 
mentioned previously. The risks of improper access or exposure 
are greatly increased without adequate controls and protections.

Tools like Splunk that aggregate logs from many different 
applications and systems potentially create a single point of 
failure [3]. If sensitive data can find its way into these repositories, 
it represents an attraction for attackers or malicious insiders. 
Therefore, The tools must implement strong access governance 
and data security best practices to prevent such compromises. 
Failure to do so places an undue burden on the organizations 
that rely on these platforms for monitoring and compliance tasks. 
Careful oversight of data handling policies is warranted across all 
stages, from collection to storage and analysis.  
 
Tasks
The operations related to SSN and PII exposure within logs 
consist of several strategic activities committed to reducing risks, 
improving data security features, and staying compliant with 
regulations associated with monitoring instruments [14].
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The first step is to determine possible exposure to the monitored 
tools through agents such as Tealeaf, Glassbox, and Splunk. 
It involves a thorough investigation of logging mechanisms, 
data storage methods, and access restrictions to determine the 
areas where the SSN or PII data may be exposed to the risk of 
unauthorized access or leakage.

When exposure points are located, solid measures that can prevent 
them from happening must be enforced. The implementation set 
of the measures is based on blocking PII-related data at the initial 
stage, which means preventing sensitive data from entering the 
monitoring tools’ repositories in the first place.

The need to cover PII information must be balanced. It is necessary 
for the sake of individuals’ privacy and also fulfils data-protecting 
regulations. Even though log data masking mechanisms don’t 
afford sensitive data its proper privacy, they still allow them to 
contribute to legal operations.

Creating filters that restrict the PII data inside the log is essential 
for avoiding abuses of access and reducing the risk of data 
compromise. By using filters and access restrictions, organizations 
can limit the transfer of sensitive data and thus avoid unintended 
data exposure.

Solution and Implementation
Solving the SSN and PII exposure in log control requires a 
systematic method that involves data analytics, communication, 
cooperation, and frequent supervision. Initially, data analysis 
and testing must be conducted for the organization’s purpose; 
the lower environments will be loaded with test data to find the 
potential SSN and PII data logs. Establishing effective relations 
between application owners and development teams is critical to 
prevent PII data from entering applications and ensure that the data 
complies with data protection laws and regulations. Subsequently, 
codes must be made available in all the surrounding environments, 
including development, QA, UAT and final production stages, 
and stringent testing sets have to be developed to substantiate the 
code’s efficacy in stopping PII disclosure within the logs.

Enabling AI dimensions and events across customer experience 
tools will allow organizations to create intelligent reports that aim 
to strategically target and identify patterns of PII information, 
allowing for a proactive response to potential security threats. 
Stable logging monitoring and logging validation are key to 
avoiding PII information that can be seen across monitoring tools. 
Alerts should be put in place that will notify relevant players the 
second PII exposure is detected.

Figure 4: PII: Strategies for Securing Data [15]

Subsequently, codes must be made available in all the surrounding 
environments, including development, QA, UAT and final 
production stages, and along with that s, stringent testing sets 
have to be developed to substantiate the code’s efficacy in stopping 
PII disclosure within the logs. Automated scanning and validation 
tools will evaluate code diffs and packages before deployment, 
checking for compliance with privacy and security standards. 
Static application security testing (SAST), interactive application 
security testing (IAST) and runtime application self-protection 
(RASP) mechanisms will continuously monitor for insecure 
logging.

Enabling AI dimensions and events across customer experience 
tools will allow organizations to reorganize reports that aim 
to strategically target and identify patterns of PII information, 
allowing for a proactive response to potential security threats. 
Dimensional attributes like data types, value lengths and formats 
will be defined through workshops with data owners. A metadata 
catalogue and data dictionary detailing sensitive field definitions 
will be maintained. Machine learning clustering and anomaly 
detection algorithms will then profile typical and atypical log 
contents to pinpoint records likely containing PII.

Stable logging monitoring and logging validation are key to 
avoiding PII information that can be seen across monitoring tools. 
Centralized logging infrastructuresCentralizedn storage, processing 
and visualization components will be buvisualizationLog-matching 
schemas using regular expressions and static dictionaries will 
be created to scan logs in real-time. Anomalous logs flagged 
by the AI reports will be fed back to the monitoring consoles 
for human verification and escalation. Syslog-NG, Fluentd, and 
Logstash forwarding and parsing agents will be configured across 
applications and platforms.

Alerts should be put in place to immediately notify relevant 
stakeholders like privacy officers, audit teams, application 
managers, and security ops whenever PII exposure is detected. 
Detection rules chaining together multiple dimensions and 
anomaly conditions will reduce false positives. Alerts will provide 
drill-down links to the underlying log records and associated 
transactions for further examination. Notifications will establish 
clear guidelines on initial containment and mitigation response 
until root causes are identified and patched.
   	  
Results 
Smart implementation of strong tools for protecting SSN and PII 
in log files opens great opportunities for organizations, increasing 
data risks, and corresponding with regulatory requirements. 
Enterprise-wide security is the key here, where timely access to 
sensitive information is prevented from getting into monitoring 
instruments’ repositories, which, in turn, minimizes the risk of 
data breaches and minimizes consequences like financial loss 
and reputation damage. Continuous authentication and validation 
activities as a part of data security also prevent PII information 
from being visible in any monitoring tools, thus prompting 
remediation actions upon detection. Overall, these initiatives 
foster a culture of security awareness and stakeholder engagement, 
leading to support for proactive measures, all aiming to strengthen 
the organization’s data security posture.  

Conclusion 
One organization that should strictly guard confidential 
information and maintain regulatory compliance is recording 
and monitoring SSN and PII exposure within logs. Through a 
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robust approach, which includes data analysis, code changes, and 
constant monitoring, organizations may successfully guard against 
risks and keep their data secure, ready to face new and current 
challenges. Proactive measures, multi-stakeholder cooperation, 
and iterative improvements must be taken as the major components 
of a comprehensive strategy for resolving this issue in a data-
driven world. As organizations implement these steps, they show 
that they are considering protecting the confidentiality of their 
customers and people interested in their affairs.
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